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THE DE BAY PROPELLER. 


THE many great inventions and improvements which 
stand out conspicuously and claim attention as time 
marks in the history of modern invention have for the 
most part become public at such intervals as suggest an 
intermittent rather than continuous activity of the invent 
ive faculty. Generally speaking, however, this is more ap- 
parent than real, for the inventor is occupied continuously 
and for long periods, while a very short time serves to 
proclaim the results of his occupation. Radical improve- 
ments are often a long time maturing, but a very short time 
serves to accept or forget them or their novelty. The 
screw is one of those mechanical appliances which has 
been long in use as the best thing of its kind; but still 
with the knowledge on the part of all engineers that it 
is one which shows less efficiency than any 
other that can be named. 

As we have frequently said, the screw 
wastes from forty to fifty per cent. of the 
power apparently expended upon it by the 
engines by which it is driven. Yet, although 
this has long been known, the great advan- 
tage otherwise belonging to the screw has 
caused its universal application. For twenty 
years inventors have striven to reduce the 
wastefulness of the screw; all sorts of modi- 
fications, additions, and reductions have been 
made, some of them based on one or other 
of the theories which have appeared to ex- 
plain the action of the screw propeller; but 
thesé have actually affected but small im- 
provement compared with what must be 
necessary to overcome a minus deficiency of 
forty per cent. It would be difficult, how- 
ever, to limit the part played by these at- 
teinpts in the ultimate production of a really 
efficient screw, as each one has probably 
slightly increased or spread the knowledge of 
what is required, and thus tended to this 
result. 

A perfect screw has not yet been pro- 
duced, but while we are waiting for this we 
have in the De Bay propeller what may take 
the place of that instrument. This in fact 
is nota screw. Each part would separately 
act as a screw, but their contrary direction 
of rotation prevents the water caught be- 
tween them from following the direction of 
either, and the resultant of their combined 
directions being coincident with the axis of 
the two screws, the water acted upon is 
thrust directly astern. It is thus quite con- 
ceivable that the disturbance of the water as 
it leaves the stern of the vessel does not pre 
vent the efficient action of the propeller, which 
may be said to feed itself to the same extent 
that it does that of the screw, which has but 
a frictional hold of the larger quantity of 
water acted upon by it, and in which energy 
is wastefully expended in giving it a rotary 
motion. 

To test the practical efficiency of the pro- 
peller on a large scale it was fitted on board 
the screw collier Elaine, and afterward on 
the yacht Lolair, and with the latter vessel a 
series of experiments was carried out 7th No- 
vember, 1879. The general result of these 
experiments was that the Iolair, which had 
during the experiments with the ordinary pro- 
peller made a mean speed of 7 miles per hour, 
had her speed increased to a mean of 8°83 miles 
per hour. With the old screw, however, the 
engines indicated 45-horse power, but with 
the new propeller they indicated 58 horse 
power, On the assumption that the resistance 
of the yacht increased as the cube of the ve- 
locity, the De Bay propeller was thus 293 
per cent. more efficient than the screw to 
drive the Iolair, with which, at 8°83 miles per 
hour, would have required 75-horse power. 

Since the date of this experiment the pro- 
peller has been fitted to the steamship Cora 
Maria, a vessel of 831 tons net register and 
2,800 tons displacement on a draught of 18 
ft., and thus sufficiently large to give a thor- 
oughly decisive test of the value of the in- 
vention. The Cora Maria was built in 1879, 
by Messrs. ~chlesinger, Davis & Co., of Walls- 
end, Newcastle-upon-Tyne. Her length is 285 ft., main 
breadth, 31 ft., and depth 18 ft. 3 in. The engines, by 
Messrs. Clark & Co., of Newcastle, are of the compound 
inverted cylinder and surface condensing type, the high- 
pressure cylinder being 28 in., and the low-pressure cylin- 
der. 54in. in diameter. The stroke is 3 ft., and by some 
rule or other she is said to be of 110 nominal horse power. 
Thescrew formerly propelling her was the second pattern that 
had been tried, and was 13 ft. 214 in. diameter, and 19 ft. 6 
in. pitch. The vessel is the property of Messrs. Capper & 
Alexander, shipowners, of 14 St. Mary Axe, and to these 
gentlemen great credit is due for their enterprising and 
spirited trial of an invention which in promising 
did what is done every day by sanguine inventors. They 
carefully examined the results of previous trials, and know 
ing that the screw was the least satisfactory part of a screw 


ship, they recognized the possibility of the success of a new | as the Cora Maria is very square built in the stern. 

four runs | gearing moreover is, as compared with that of the Iolair, 

e lightship | very much smaller, and the fact that this gear would be pro- 

made onthe 10th of July last | portionately lighter as the ship is larger would tend to se 
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propeller, and determined to try it. According] 
over the measured course of 2:2 miles between t 
aud buoy off Penarth were 
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much only | into the Cora Maria, as illustrated by our engravings. From 








with the ship’s own screw, and the result of the runs is 
given in the annexed table. 


Average number of revolutions per minute. ... 66°32 
Steam pressure, average on four runs . lb, 74°7 
Vacuum do. Oe svaveses 25°58 in. 
Indicated horse power....... Fessteuseees ... 58451 
Min. Sec. 
Time: First run, with tide........... eee 12 5 
Second run, against... ......c.sccrees 20 27 
TR SUR, Gin n.c0 0s becccecesee conn 12 § 
POURS TUR, RONG. 2.0 cccccncvciccece 19 56 
TURNING THE CIRCLE: Steam pressure....... 72 Ib. 
i er 25 <* 
Revolutions .......... 64 “ 








8. CORA MARIJA WITH DE BAY PROPELLER. 
Knots 
per Hour. 
PS OD BOs s cvcdacaptbiccrdee cdace -- 10°924 
HUG. odanks2ecenasensbeens< 6450 
Third run...... dcneunnthetanke cee 10 954 pews: 
Fourth run....... . . ay 6°620 
Min. Sec. 
Tre: To port..... ncebenbbhec tectbageiheees 4 44 
To starboard...... Gisdscntthasaakauiel 6 51 


The gearing and arrangements for fixing the new pro- 
peller were then designed for the De Bay Propeller Com- 
pany by its engineer, Mr. T. Hiscock, and the whole fitted 


these it will be seen that the general arrangement of the 
gearing is very similar to that of the yacht Iolair, but the 
stern tube is in this case proportionately very much shorter, 
The 











cure an increase in the efficiency in the propeller as applied 
to large ships. There is, perhaps, little necessity for de- 
scribing that which is illustrated in our engravings, but we 
may here refer tothe fact that the propeller of the Cora 
Maria has respectively four and three blades, instead of five 
and four, as in our experiments, and in the Elaine and 
Iolair. The blades of the larger half of the propeller are 
moreover altered to some extent in design. Formerly 
they were designed so that in plan they nearly filled up a 
segment ofa circle of the diameter of the propeller, as 
shown by the dotted lines in the annexed illustration. Mr. 
De Bay has, however, now altered the form to something 
more like that shown by the full lines in the cut, and each 
blade, in place of having a uniformly increasing pitch, bas 
a pitch of 17 ft. to half radius, and increases therefrom from 
19 ft. to 21 ft. Each blade is fastened to the 
boss as shown by the detail drawings here- 
with, and the practical value of this method 
of fixing them was recently shown when it 
was found that one of the blades, all of which 
are of steel, was faulty, and it was taken off 
and a new one fixed in its place in about an 
hour. The propeller is 11 ft. in diameter. 
Everything having been completed on board 
the Cora Maria, and a preliminary run made 
on Monday, the 9th of August, 1880, a series 
of four runs was made on the 10th, over 
the same measured distance and within a very 
little the same state of tide. On the previous 
trials the wind was estimated at from 2 to 4, 
while on the 10th it was estimated at about 
8 continuously. Several sets of diagrams 
were taken during each trial, and the cbar- 
acter of these may be gained from those 
given. The four pairs on the left were taken 
on the 10th Aug., during the second and 
fourth 1uns. The average pressure given by 
these diagrams are 11°4 and 40°38, giving at 
65 revolutions per minute a mean horse power 
of 5§5. The diagrams on the right were taken 
during the first 1un on the 10th July, and 
give mean pressures of 11°031 Jb. and 89°360 
Ib. At the conclusion of each set of four runs 
the time and power taken in turning the circle 
were taken, and all the chief particulars of 
the runs will be found in the following table, 
which for convenience of reference repeats 
the data given above. 


Steamship Cora Maria. Four runs over course 
of 21 knots, two with tide, and two againat, 


Trial made on the 10th of 
July, 1880, with 
the ordinary 


Trial made on the 
10th August, 18#0, 
with the De Bay 


screw. propeller. 
Total revolutions on 
| re 4,279. . 8,814 
Average ditto per 
Ws 6 h.necencs: 66°82... 65 
Steam pressure, aver- 
age on fourruns... 74°7 Ib. 745 Ib. 
Vacuum ditto ditto.. 25°58in. 24°26 in. 
Indicated horse power 
_ See ->- 58451.. 585 
Min. sec. Min. sec. 
Time: First run, with 
"Mibinccsee BW &. OF 8 
Second run, 
against.... 20 27.. 16 42 
Thirdrunwith 12 38.. 9 6 
Fourth run, 
against... .. 19 56.. 16 10 
Knots Knots 
per hour. per hour 
Speed: First run..... 10924.. 14577 
Second run... 6°450.. 7 898 
Third run.... 10°954.. 14°505 
Fourth run... 6°620.. 8°162 
Turning the circle: 
St’m pressure, 72 Ib.. 69 Ib. 
Vacuum ..... 25 in.. 24°65 in. 
Revolutions. . 64 61°5 
I. H.P. Min. sec. I.H P. Min. ree. 
To port......56804 4 44 5885 4 i3 
To starboard 506°89 6 51 52892 5 4 


From the above figures it will be found 
that the mean speed obtained with the or- 
dinary screw was 83 knots, while with the 
De Bay propeller it was 1128 knots, or in the propor- 
tion of 100 to 129°, or an actual gain in speed of 
29°2 per cent., with practically the same expenditure of 
The Cora Maria isa very square-built vessel; but 
we may, for the purpose of showing how conclusively the 

romises of the early experiments are confirmed by this 
ast on the large scale, assume that the resistance to the 
increase of epee of such a vessel increases only as the cube 
of that increase. We then have the efficiency of the screw 
and De Bay propellers represented respectively by the num- 
bers 665,338,617 and 1,435,249,152, or as 100 to 215, or a 

ain of 115 per cent. In other words, as it required 5€4°51 
indicated horse power to drive the Cora Maria at a mean 
speed of 8°73 knots, it would, with the same screw, have 
required 1,256°69 horse power to drive her at 1128 knots 
under the same conditions. 

It must be noted, however, that the old screw being much 
larger than the De Bay propeller, the former was 2 ft. out 
of water, while the De Bay propeller was but about 10 in, 
out, the draught of the vessel being in both cases alike, 





8976 








SCIENTIFIC AMERICAN 


SUPPLEMENT, No. 250. 





Ocroser 16, 1880. 






























































| | 
' y i 
i i 
! } '} 
= | | | 
; \ , | | | 
i 
| J 
- > : =. nase 




















\ 


ut 











i 
' 
' 
i 
' 
' 
1 TANKS 
' 
' 
! 
' 
' 
' 
\ 








SECTIONAL ELEVATION OF THE DE BAY PROPELLER GEARING IN THE 8S. 8. CORA MARIA. 


namely, 7 ft. 8 in. forward, and 12 ft. 2 in. aft. An allow- 
ance should obviously be made for this, but it must be re- 
membered that it is one advantage of the De Bay propeller 
that its diameter is in all cases much less than that of a 
screw, and it would be difficult to make an accurate allow- 
ance for the stated difference of immersion. If, however, 
half a knot is taken from the speed of 11°28 knots, making 
it 10°78 knots to allow for this, then the efficiency of the 
screws would be 665,338,617 and 1,252,726,552, or as 100 is to 
188, or a*gain of 88 per cent. If we further allow that the old | 
screw was inferior to the best form of Griffiths screw by as 
much as 10 per cent., we then have a gain in efficiency at 
the lowest estimate of 78 per cent.. and 1,040 horse power 
would be required to drive the vessel at the speed achieved 
by the De Bay propeller. We might carry these calculations 
further, and show the enormous difference in the fuel which 
would be required to do this with an ordinary screw; but the 
figures already given sufficiently indicate this, while the 
extra room taken by the propeller gear as compared with 
that taken by the ordinary shaft tunnel is only equal to the 
storage of 44¢ tons of coal. 

With the old propeller the vibration of the vessel was ex 
cessive, causing the leading rods and chains from the wheel 
to the rudder to make a continuous knocking on the deck, 
while with the De Bay propeller the ship was as steady as if 
under sails. In the Elaine, a rudder-post bearing was given 
to the propeller shaft, but, as will be observed from our 
illustrations, this has not been done in the Cora Maria, as it 
is quite unnecessary. From the illustration on the first page, 
showing the stern of the Cora Maria, it will be seen that the 
screw port necessary for the De Bay propeller is very much 
smaller than that required by an ordinary screw. We have 
said nothing of slip, because, although the mean pitch of 
the propeller is calculated to be 18 ft., the propeller does not 
act as a simple screw. 

The Cora Maria has now gone with a full cargo to Alex- 
anda, and on her return we shall hear the result of the ex- 
tended trial. The owners are so satisfied with the trial of 
the 1th Aug., however, that they huve determined to fit a 





new vessel which they are about to build with the De Bay 
propeller.— Zhe Engineer. 
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UTILITY OF SOLAR BOILERS. 


M. Ase Prrre describes a variety of modifications of 
Mouchot’s apparatus, adapted both to domestic and to in- 
dustrial use. He thinks that they are of especial importance 
in connection with the projected railway to Central Africa. 
The Barbary figs, which are very abundant, yield about 25 
per cent of alcohol more than the sugar beets. A single 
solar boiler, with a reflectot of five meters diameter, can 
distill, without cost for fuel, 200 liters (52°8 gal.) of this al- 
cohol per day, the raw material costing nothing, and the 
refuse being valuable for the food of cattle. The import 
ance of this result becomes evident upon considering that 
Algiers imports every year more than 50,000 hectoliters 
(792,500 gal.) of alcohol, and that it will need to import 
still more for the manufacture of its wines, which require 
the addition of alcohol in order to bear transportation. 
Pifre is now experimenting upon the conversion of solar 
heat into electricity, and of the electricity into mechanical 
work, by the intervention of a Gramme machine.—Mem. de 
la Soc, des Ing. Viv. 


DECOMPOSITION OF STEAM—A LECTURE 
EXPERIMENT. 


By Henry LerrmMann, M.D. 


Tue decomposition of steam by red-hot iron is sometimes 
shown as a lecture experiment, but it is quite a troublesome 
one. By substituting magnesium for iron, the operation 
can be conducted in «a glass tube, and will be much more 
satisfactory. 

A yard or so of common magnesium ribbon is placed, in 
folds, in a hard-ghiss tube, in such a way that the metal 
touches the glass in a mumber of points. One end of the 
tube is drawn into a pretty wide jet, the other is attached 
to aflask of water. Steam is produced, and allowed to flow 
until air is expelled, and the apparatus heated sufficiently to 
prevent condensation at the mouth of the jet. The metal is 
then strougly heated at the extreme end. After a few mo- 
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DETAILS OF SCREW BLADE CONNECTIONS. 


ments it takes fire, burning brilliantly, and the escaping 
hydrogen may be lighted at the jet. Itis best to keep the 
metal quite hot throughout. The magnesia produced is 
dense and crisp. It may possibly be partly hydrated, but 
this has not been determined. The experiment, besides 
being a striking one, is interesting as showing a body acting 
as a supporter of combustion, and becoming iiself converted 
into a combustible.— Chemical News. 


IMPROVED MECHANICAL STOKER. 


THE engraving opposite illustrates a mechanical stoker 
invented by Mr. McDougall, of Manchester, Eng. 

In working the stoker the fuel is gradually fed into the 
furnace by the combined motion which is given to the fire- 
bars, A, and the bottom plate, B, of the hopper, and can be 
made to form a thickness of fire from three inches to ten 
inches as required, and is evenly distributed over the surface 
of the bars. The rate of combustion is most easily regu- 
lated by adjusting the speed of the stoker and the damper 
in the flue. The clinker passes over a bridge-wall, C, which 
has sufficient top surface, D, to allow the clinker to remain 
on it long enough to be completely burnt free from «shes, 
and then falls into the clinker chamber, G, beyond the 
bridge. 

On one side of each bar are small projections, a a, of 
about one-eighth of an inch thick, so as to give air space 
between the bars when they are in position, the bars them- 
selves are also perforated, a’ a, longitudinally, as shown by 
Fig. 2, which represents the section of a bar. By these 
means sufficient air is obtained for the rapid combustion of 
the fuel, and the bars are rendered durable. The motion is 
riven to the bars by bringing them out to the front of the 
urnace sufficient length to ailow them to lie over shaft E. 
This shaft is made of Bessemer steel, and is turned up on 
different centers, ¢ ¢. The ends of the bars rest on this 
shaft, and it gives them motion exactly like that of a straw 
shaker in a thrashing machine, which carries the fuel for- 
ward into the furnace. 

This appears to be a very efficient mechanical stoker, al- 
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THE DE BAY PROPELLER, FITTED TO THE 8.8. CORA MARIA. 
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though little has been heard of ut of late. It was manufac- 
tured by the Chadderton Lronworks Company, aad about 
two vears ago Mr. Longridge carried out a very careful 
test, in which it competed with very good hand firing, at the 
Irk Vale Chemical Works, and as the results obtained are 
instructive, and have a wider range of application than 
may at first sight appear, we reproduce a portion of this 
report. 

lt was arranged that the first trial should be made with 
ihe mechanical stoker, and that it should extend over forty- 
eight hours without iaterruption, after which the flues were 
to be swept, the steker removed, and a similar trial of 
forty-eight hours’ duration made with hand firing, at the 
same rate of combustion as during the trial with the stoker; 
but at the suggestion of one of the inspectors it was ulti- 
mately decided that for the first twenty-four hours the rate 
of combustion should be as high as might be found practi 
cable with the stoker, and that for the following twenty- 
four hours the rate of combustion should be reduced, and 
that the trials with hand firing should be as nearly as possi- 
ble under the same conditions. The boiler used for these 
trials was a new one, made by the Chadderton Lronworks 
Company. It was thirty feet long by seven feet diameter, 
with two internal flues two fect nine inches diameter, and 
tive conical water tubes in each. It was the center boiler of 
a group of three, and was seated in the usual way on two 
side walls, the products of combustion from the furnaces 
passing from the internal flues along the under side toward 
the front, thence returning by the sides to the main flue and 
chimney. The three boilers had been working in connec- 
tion until the day before the trials, when the center one was 
disconnected, and the top manhole cover removed, in order | 
that during thesetrials the water might be evaporated under | 
atmospheric pressure, The flues had been swept three days | 
previously, and the two adjacent boilers were kept continu. 
ously at work during the whole time of the trials. The} 
coal used throughout the trials was slack, of good average | 
quality, from the Astley and Tyldesley collieries, It was 
taken from the heap as required, and carefully weighed on 
one of Pooley’s small platform machines, in quantities of 
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with slower combustion, it was only found necessary to use 
the poker twice, and on the conclusion of this test, after 
fifty hours’ continuous working, the thickness of the clinker 
upon the bars did not exceed half an inch. When firing by 
hand with rapid combustion, the fires had to be cleaned 
seven times in the course of the twenty-four hours, and five 
times during the trial with the slower rate of combustion, 
besides the cleaning which was found necessary between 
these trials, as already mentioned. 

“These trials,” says Mr. Longridge, *‘ which were con- 
ducted with great care under, as nearly as possible, the same 
conditions, and extended over sufficient length of time to 
prevent any slight error or difference in conditions mate- 
rially affecting the results, clearly prove the superiority of 
the mechanical stoker to hand firing with such fuel as was 
here used, not only at the ordivary rate of combustion, but 
also at the higher rate of twenty-four pounds per square 
foot of grate per hour, the gain being in the former case 
10°6 per cent., and in the latter 8°2 per cent. in favor of the 
mechanical stoker, while on the gross results the gain was 
11°38 per cent.” — Zhe Engineer. 


THE FIRE ENGINEER, THE ARCHITECT, AND 
THE UNDERWRITER.* 


By EDWAKD ATKINSON. 


In the days of my youth, when I lived upon the top of 
Beacon Hill, close to the State House, the old Hero hand 
engine, No, 6, was housed.in Derne street, on the north 
side of the hill. Whenever an alarm of fire sounded, it was 
my ambition, as well as that of every other boy on the bill, 
tu_be the first at the door, and carry the end of the rope up 
the steep slope of Temple street, while the members of the 
company gathered in behind. I may, therefore, claim to 
have taken a lead in the service of the fire department more 
than forty years ago. 

1 may safely assume that the record of my early vigor 
has followed down the line, and to that I may owe the 
distinguished honor of being called upon to address you 
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IMPROVED MECHANICAL STOKER. 


The water was accurately 
The steam which was 


one hundredweight at a time. 
measured by means of a tank. 


generated escaped freely into the atmosphere through a} 


cast iron pipe, nine feet long by nine inches diameter, at- 
tached to the manhole. The total amount of grate surface 
was twenty-seven and a balf square feet. The bars for the, 
hand firing were of an ordinary pattern, five feet long, 
seven-eighths of an inch wide at the top, with three-eighths 
of an inch air space. 
feet long and about two and three-quarters of an inch wide, 
with two narrow slots in the width, and small facing pieces 
on the sides, against which the adjacent bars worked. The 
distance from the top of the bridges to the furnace crown 
Was twelve inches. 


the hands of the regular attendant, and the rate of combus- 


tion was found to be about twenty-four pounds of coal per | 


square foot of grate per hour. The rate of combustion 
during the following trial was limited to eighteen pounds 


per square foot of grate per hour by lowering the dampers | 
and reducing the speed of the machine. For the hand-firing | 


trials the rate of combustion was kept as nearly as possible 
the same, ¢. e., twenty-four pounds per square foot of grate 


per hour for the first twenty-four hours, and eighteen | 


pounds per square foot for the following twenty-four hours, 
adopting the system of alternate firing, and keeping a regu- 


lar thickness o€ six inches to nine inches of fuel upon the | 


grates. Immediately after the termination of the first trial 
with the mechanical stoker, the second trial with the slower 
rate of combustion was commenced, but with hand firing 
there was an unavoidable interval between the two trials, 
4s it was found necessary to clear the grates of ashes and 
clinker. In the course of the first twenty-four hours with 
rapid combustion the poker was used twelve times to loosen 
the clinker adhering to the bars, after which the clinker 
Was gradually pushed forward by the machine itself to the 
back end of the grate and over the bridge into the flue, from 
Which it was drawn at pleasure, a door beneath the bridge 
being provided for the purpose. During the second trial, 


Those for the machine were also five | 


During the first twenty-four hours the | 
management of the mechanical stoker was left entirely in | 


| to-day. Since that time I have not been in active service 
| until now. 


which I have referred, would not have failed to give me 
| many memories with which I might occup 
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R * we must abolish these courts; for, if I can believe 
all the petitions that come to me for pardon, all that the 
courts do is to put the best boys in each district in jail, 
in order that I may have the satisfaction of pardoning 
them.” 

Now, gentlemen, if I fully comprehend your position, we 
may abolish these architects, for, so far as I can judge, 
all that they do is to put up the most perfect specimens 
of conkenaiile architecture, in order that you may‘ ‘have 
the satisfaction of putting out the fires that are sure to occur 
im them, 

In the treatment of this subject, I must of necessity repeat 
in part what I have said elsewhere, and often; but, as I have 
had no previous opportunity to present this whole subject in 
one essay before so able and influential a body of men as I 
now huve before me, | may be permitted to state the case as 
fully as possible within the time allotted, and without re- 
gard to previous work. 

I would by no means undervalue the profession of the 
true architect; and I wish to say that there are a few con- 
spicuous exceptions to the common rule. There are archi- 
tects who are masters of all that pertains to the art of build- 
ing and construction, and who know how to combine true 
taste and admirable design with safety, stability, and fitness 
for the use to which buildings are to be applied. They can 
build, as well as desigu; and to them my criticisms do not 





apply. 

PB ut the vast majority of those who assume the title of ar- 
chitect are masters only of the art of stam, Let us take as 
an example the modern stone church, so called. What isit 
but a structure of timber, kindling wood, lath, and plaster, 
screened with stone on the outside?—both timber frame and 
stone screen, each almost incapable of standing alone, but 
holding each other up by wooden ties and braces; each part 
of the wooden church within connected with the other part 
by wooden flues, where fire may pass at its will, fully pro- 
tected from water, and with every provision so adequately 
made that, even if the fire begins in the lowest part of the 
cellar, in the usual wooden air box of the furnace, or from 
the usual pile of hot ashes in the usual corner, the first visi- 
ble appearance wil] be at the peak of the roof—seventy-five 
to one hundred feet in the air. You are, every one of you, 
familiar with these cases. I venture to say that there is 
hardly a single engineer representing a town or city of 
twenty thousand people, who has not risked his own life, 
or witnessed the risk of the firemen under his orders, in 
dealing with a fire in a brick or stone church constructed 
after this manner. 

The schoolhouses, hospitals, and almshouses are almost 
all of the same abominable order—a network of hollow, 
wooden flues, connecting hollow floors with hollow walls, 
hollow walls with hollow ceilings, hollow ceilings with hol- 
low roofs; the inner sides of these flues presenting the larg- 
est possible number of sawed corners, and the maximum of 
danger. 

In warehouses the case is even worse. Vast amounts of 
money are absolutely wasted in modes of construction that 
only aggravate the hazard, until it seems as if, in place of 
ignorance, or utter want of consideration of the danger of 
fire, a malignant intelligence had been applied to the whole 
plan of the building in order to assure the very maximum 
of loss from the very minimum of cause. 

Within the last few months I have watéhed the construc- 
tion of a great block of brick warehouses intended for 
wholesale traffic. They are consistent in every respect with 
the bad rules that now prevail; they are a good deal higher 
than any of the buildings in the neighborhood, and are on a 
very narrow street. Ifa fire ever occurs in one of them, 
the wisest course for the engineers will be to protect the ad- 
jacent property, and to let them burn. I will only describe 
one feature: in each one is an open shaft for the elevator, 
reaching from cellar to attic, sheathed in the most stupid 
and costly way with wood throughout. There is no sky- 
light over the elevator; and, when the fire ascends, it will 
strike the inside of the roof of thin boards, which will hold 
it just long enough to deflect the flame toward the center, 
and assure the complete combustion of the upper story and 
roof, 

In the one of the several buildings into which this block 
is divided, which I examined, there are three recesses in the 
party walls for pipes of various kinds, faced in the basement 
and lower stories with wood, and open vertically. They 
communicate with each of the hollow floors, and will serve 
as flues for fire to extend through the middle parts of the 
building that are not so fully served with the means of com- 
municating fire as the upper stories are by the front and rear 
elevators. 

The upper stories will doubtless be used for manufactur 
ing purposes, If they should be used for the manufacture 
of clothing, another oven for heating smoothing irons may 
be placed on a brick hearth laid upon the hollow floor, as it 





was in the building !ately burned in Winthrop Square. * In 


You will doubtless admit that so ancient and varied an | the warm and comfortable quarters thus prepared for them, 
experience as I must have had in the arduous service to | with convenient avenues provided behind the sheathing on 
| the party walls, the rats of the neighborhood will establish 
the hour that | their nursery, and build their nests of the scraps of oily 


| you have assigned to me; but I do not understand that re-| waste that have been used to wipe the sewing machines and 


| miniscences are the order of the day, and we will, therefore, 

skip the last forty years, and come down to the art of ex- 
tinguishing fires at the present time. That this is one of 
the high arts, no one will deny; and it is every day becom- 
ing higher as story is added to story, and the ladders grow 
onger. 

But at the very outset 1am met with a grave difficulty. 
Tam to address a corps of men whose duties demand courage, 
energy, discretion, cool deliberate judgment, endurance, so- 
briety, and. in fact, all the qualities that make a true man; 
| and yet, the more I recognize their merits, the more I must 
condemn other classes in the community who are, perhaps, 
awarded, or at least often assume, a higher standing, to 
which their merits do not entitle them. 

I am reminded of one of the many stories of President 
Lincoln: A boy had been condemned to prison for opening 
the letters of his employer and abstracting money. from 
them. He was a country boy who had not lived or ae the 
city, and whose previous record had been very good. Pre- 
sently a petition for his pardon was forwarded to the Presi- 
dent through the member of Congress for. the district. The 
President read it carefully, noted how well bred the 
boy had been, how he had been to Sunday-school, how he 
had never committed a fault before; and all this was certi- 
fied to by the best citizens of the district. Presently the 
President looked up, and said: ‘‘ Well, I suppose 1 under- 
stand this case, and you say it is all right. I must pardon 
| the boy, as I did another for the last man who went out as 

you came in; but I will tell you what we must do, Mr. 


* An address to the Fire Engineers of the United States, at their Con- 
| vention in Boston, Mass., Sept. 14, 1880, 








| shafting; and when the little ones are born, not being pro- 


vided with diapers, they will piddle upon the waste, and 
thus you will have the exact conditions for spontaneous 
combustion. 

The apparatus that we use in our experiments at the In- 
stitute of Technology to tell whether an oil is liable to spon- 
taneous combustion,.consists of just such a close chambe: 
maintained at a uniform but quite moderate degree of heat 
Into this we put some vily waste, and a little moisture only 
hastens the combustion, 

The occupants will again wonder what makes rats haunt 
a clothing factory. They will again pay fifty dollars to a 
professional rat catcher without avail; and when the danger 
ous fire occurs, making another Joss of half a million dol- 
lars, they may rebuild in the same stupid way, because 
there is no ofticial fire inquest, and no method on the part 
of the underwriters for ascertaining the precise cause of 
fire, and avoiding the repetition of the danger. 

In the cause that I have cited, where such a fire did occur, 
there happened to be a restless person who called public at- 
tention to the faults; and in the reconstruction they have 
been mostly remedied. But mark this, gentlemen: although 
the precise cause of danger may not have been foreseen in 
this case, yet the general bad construction of this building 
and the special danger of these ovens had been foreseen; 
and the plan necessary to be followed when the inevitable 
fire should occur from them bad all been noted by the assistant 
city fire engineer in charge of this section of the city. His 
plan of action to meet the attack which bis enemy the archi- 
tect had planned in the most combustible distribution of 
timber and board, laced with stone and screened by iron, 
was all decided. He knew that there was only a single, 
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narrow, and dangerous stairway to reach the point where 
the fire would begin; he knew the danger of the thin board 
roof; and having thus foreseen the danger, which never 
ought to have existed (if for no other reason, yet because 
two hundred and fifty men, women, and children were em- 
ployed on the very floors on which this danger was known 
to exist at the head of a single combustible stairway, three 
feet. wide only), he was able to direct the defensive force of 
firemen so that only half a million dollars was sacrificed in 
an attempt to combine a stately appearance and a fine archi- 
tectural effect with false economy and utter disregard of 
safety in the interior construction. 

Had the building been under the supervision of the fae 
tory mutual underwriters, or had that engineer possessed an 
influence by which he could have moved the owners or oc- 
cupants to take the simple measures that would have pre 
vented loss, the fire itself might never have occurred, or, if 
it had, this loss would have been less than five hundred dol 
lars, instead of five hundred thousand dollars. 

Upon a neighboring corner another building has just been 
reconstructed within the outer shell—all that was left after 
a great fire. It is the second building that has been almost 
totally destroyed upon the spot, and a heavy previous loss 
had occurred but a little time before the first absolutely de- 
structive fire. Three fires on that one spot! In the very 
first fire complete destruction had only been prevented by a 
singular accident. In a flue in the party wall faced with 
wood, the soil and leaden water pipes had been placed. The 
fire took place from spontaneous combustion in the basement 
just in front of this wooden facing; the heat sufficed to melt 
the leaden water pipe, and thus let the water on before the 
boards were burned through; and this accidental automatic 
sprinkler stopped the flame passing to the attic, and pre- 
vented the destruction of the building. 

The first complete destruction of the building happened in 
the great fire. In the last case the fire came from the adjoin- 
ing building through inadequate iron doors on the upper 
story, but might have been stayed there, because the engi- 
neer in this case again knew the danger, and was on the spot 
in time to guard agaiust it; but the equally treacherous iron 
shutters let the fire in below. The tenants bad been warned 
of this danger; but the very conditions of their lease bound 
them to maintain precautions that were worthless, and for 
bade the cheaper methods of safety. That building is now 
being prepared for a fourth conflagration, no attention hav- 
ing been paid to the lessons of either fire. If there was a 
system of insuring city buildings similar to that which I re- 
present, none of the dangers that I have described would be 
tolerated, from which a loss of a million has occurred in two 
fires during the past year, and from which causes another 
million may be lost at any moment 

Safe methods are cheaper as well as safe. The dangers in 
each of these cases were foreseen; the remedies were easy 
and simple. The new building that [ have deseribed, but 
which hay not yet burned, has been made dangerous by 
an expenditure of money where it is not of the slightest 
use. 

We do not speak without knowledge. One large building 
offered to us for insurance has been burned within the year 
in the very manner that we foretold when we surveyed it, 
which caused us to refuse to insure it; and the delay of one 
year on the part of the owners in adopting our suggestions 
for prevention of loss, because of alleged want of time, has 
cost them fifty thousand dollars above their insurance, and 
a break in the conduct of their business hard to be estimated 
in money. 

Our heaviest loss for the year has occurred because we 
unwisely assumed that a certain occupation—that of watch- 
making—was so safe that it could be tolerated in a hollow- 
walled building; and, when the fire occurred, it cost us 
$25,000, whereas, in a building of proper and cheaper con- 
struction, the loss would not have been $5,000. 

Bear in mind, gentlemen, I am propounding no unproved 
theory. [am not suggesting expensive and futile attempts 
at what is called fireproof construction. I am merely giv 
ing you facts based on the observation and experience of the 
officers in charge of the most successful system of fire insur 
ance in the worli—a. system in which the first object aimed 
ut is the prevention of loss, and not, as in the common sys- 
tem df insurance, to make money for the stockholders by 
incurring risks rather than by preventing them. 

From the point of view of the factory mutual underwrit- 
ers, there is scarcely a commercial warehouse, store, or shop 
in this country, that is as safely constructed as it might have 
been for the same cost; and a large portion of them could 
have been made substantially safe if some of the money ex 
pended in useless, and often in bad attempts at architectural 
effect, internal and external, had been applied to true me- 
thods and for adequate means of preventing loss. Many of 
the modes of internal construction, adopted for merely 
architectural or decorative effect, are themselves the cause 
of danger and of excessive loss, 

It has been contended that the fault lies with owners, and 
not with architects and builders, and this is true in part, 
but not wholly. Buildings can be designated in this and 
other cities where excessive expenditures bave been made, 
many of them having reference to danger of fire, and yet 
where the most ordinary precautions have been neglected, 
I can point out to you buildings in which costly fires have 
occurred, where the stairways are of stone and the roofs of 
iron, but where interior party walls have been furred off 
with wood, and open elevators of the most dangerous con- 
struction have been the cause of heavy loss. 

You all know the danger of granite, full asit is of water 
in the hygroscopic form, and liable to be converted into 
gravel and sand by a degree of heat that would have no 
effect at all on an oak plank or post sheathed with tin, or pro- 
tected by a coat of plaster on wire lath. A stairway of 
granite or marble, in a building in which the adjacent walls 
and finish are of wood, or in which the contents are com- 
bustible, is dangerous to firemen. A much safer and less 
destructible stairway may be constructed of plank and 
iron, properly protected on the underside with wire and 
plaster. 

You all know that an incombustible shell often becomes 
an oven, in which the combustible structure within or the 
combustible contents are consumed as in an oven, under 
a heavy draught of air passing through windows or doors, 
and out through the thin and miserable board roofs with 
which very many brick, stone, and iron buildings are 
covered, 

From the standpoint of the mutual underwriter, the les- 
son needed to be learned by those who build city structures 
is the right disposition and use of timber and plank with 
carefully protected use of iron. 

Let us assume the simplest problem: an isolated store- 
house for cotton or wool, free from any danger from the 
proximity of other buildings. Let this problem be presented 
to an ordinary architect, with the request that he shall make 
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a safe building, and in nine cases out of ten he will specify | much less than any stock companies ever did charge, or 
brick walls, iron posts, iron doors; often a roof of iron, or could ever have afforded to charge under their system of 
else a roof of matched boards one inch thick, supported on mere betting against the chances of ioss in badly built and 
two-inch plank rafters, to be covered with gravel or tin. badly guarded buildings—I say our actual returns in money, 
In every point he will be wrong; he will ignore the danger if annually compounded at six per cent. interest, gives back 
within. It will not occur to him that such a building is | tothe members the whole insurable value of their property 
nothing but an oven; that the iron will warp or curl in the | in thirty-five years. 

first five minutes of exposure to very moderate heat fromthe This success has been secured, not by statute, not by 
burning of the contents, orthat the thin roof will soon be | means of building acts and compulsory methods, but through 
full of holes making good draughts, while the brick walls | the simple force of the self interest of the members them 
and iron shutters keep the firemen away from the fire. selves. We do not say to them, “ You must do this or 

We should make this plan in an utterly different way. that.” We have no control over their acts. They may 
We should prescribe a frame for sides and roof of heavy | build in any way they please; they may let dangerous waste 
timber; but in the timbers of the roof there would be no accumulate. and neglect their pumps and hydrants. All 
more material than in the rafters customarily used. that we can do, when our inspectors find out these faults 

Upon the roof timbers we should place two to three | in their quarterly inspections, is to write to the manager: 
inch plank, laid flat, tongued and splined, slow to burn | ‘‘ Please return the policy of insurance issued by this com 
through, and making a safe deck on which firemen may | pany, on such a day, after which your unearned premium 
work for a long time; oak posts; the sides of thin boards | will be returned to you, and you will cease to be a member 
laid clapboard fashion, or, if appearances are not consid- | of this company.” 
ered, shingled. If shingled in mortar, such a building is| No manufacturer of any standing can afford to incur the 
almost fireproof from without. Such sides may be easily | risk of such a notice. It is cheaper for him to remedy the 
torn away with fire-hooks, and the contents reached at | faults to which his notice has been cailed by the inspector, 
any point. and to improve his apparatus if it is defective. This me- 

f the proximity of adjacent buildings or appearances re- | thod cannot, perhaps, be applied to the concentrated risks 
quire the use of brick for the walls, we would prescribe the | of great cities; but there are many points suggested by it 
solid plank roof, the oak posts, wide doors on each acces- | that can be so applied, as well as some other methods, 
sible side made of two thicknesses of one-inch boards cov-| 1. Adequate building acts can be drawn so as to cover the 
ered or sheathed with tin. grosser faults of construction. This is about all that can be 

From this example the whole case may be understood. | done by statute. 

There is practically no such thing as a fireproof building. | 2. In place of the private examination, such as we make, 
Brick comes nearer to being a fireproof material than any | there should be a public inquest by a competent expert as to 
other substance; but even an iron furnace lined with fire-| the cause and course of every fire. Such an officer should 
brick may be destroyed by fire. Iron is treacherous in the | be empowered to compel the attendance of witnesses, and 
extreme, and almost worthless in many places where it is | to take testimony; to summon special assistants in obscure 
commonly used. Granite is one of the most dangerous of | cases; and should be bound to publish officially a statement 
all materials, marble nearly as bad, and sandstone not much | of all the facts in each case, with names of owners, tenants, 
better. and occupants. 

The much-abused stucco, made of calcined plaster, so re-| In this way a wholesome public opinion would be created; 
pugnant to the taste of the esthetic architect, is one of the and he who from ignorance or greed should expose life 
safest and most valuable materials to check the spread of and property to unnecessary risk would be held to a stern 
fire; and good solid wood may be so used for interior con- | account. 
struction, that instead of screening fire from water, and| 3. If the bad construction and special points of danger to 
providing the easiest and speediest way for a fire to spread | particular buildings are now well known to the chief and to 
throughout a building, it will hold a fire in the room where | the district engineers, even before the inevitable fire occurs; 
it starts until even an inefficient fire department has time to if, as they do, they have their plans laid as if for a battle; 
put it out. j and if, as they do, they marshal their forces to meet a well- 

Another common waste of money in city warehouses isin | known but perfectly avoidable danger—why should there 
the provision made for inside stand pipes and fire appara- not be some organized method by which owners, builders, 
tus. Such fittings may be of the utmost service; but, as a and architects could also be informed in advance of the 
rule, they are a mere delusion and sham. prospective hazard? Their own interest would soon bring 

Private fire apparatus, in order to be of any material use, them to the habit of consulting such an officer as soon as 
must be in charge of a private fire department adequately the custom had become established. I beg to suggest to 
trained and accustomed to act together. It is seldom of any | you as a practical measure that you prepare a memorial to 
service to the public fire department, because they can ad- | be sent to the Legislature of each of your respective States 
just their own apparatus much more quickly. How often | asking the passage of permissive acts under which every 
do you see the hose on an inside stand pipe wound round | city, and perhaps each county, may appoint a fire marshal 
the neck of the hydrant, from which it would take about | to investigate every fire and publish the results of such an 
ten minutes to unwind it, and then as many more to un- | inquest, and under which each town or city may empower 
twist it. | its fire engineers to watch the construction of buildings and 

Do not think I undervalue private fire apparatus, however, | advise methods of safety. 

It is the very key to our success as mutual underwriters;,; No man would be fool enough, after he had been warned, 
but in all our factories we have men, like yourselves, com- to put granite posts to support a basement floor, and the 
petent to direct its use, with trained men under them. | whole structure above it; asin that fatal case in New York, 
There is no substitute for brains. Our heaviest losses have where brave men met their fearful death in consequence of 
occurred in premises furnished with the most adequate ap- the criminal ignorance of those who owned, planned, and 
paratus, all of which has broken down from unskillful use, , built the warehouse. 

for want of a chief. | Noman would be so foolish, after he had been informed 

You may build as safely as you may; you may provide | of the difference, as to lay a thin board roof on plank raf- 
the best apparatus, public or private, for extinguishing fires | ters eighteen inches or two feet on centers, unsafe and untit 
that can be devised; you may have the most perfect and the | to keep out heat and cold, when, by using the same quan- 
strongest system of underwriting, and you may have the) tity of material disposed in a proper way at the same or less 
most capable men to constitute your corps of firemen—yet | cost, he could make asolid deck roof two and a half inches 
fires will happen, and the heaviest losses will occur, if the | thick, substantially impervious to heat and cold. 
one man is missing, if the chief is not there. If the steady | No owner would be so idiotic as to sheathe an elevator 
head is not on the shoulders of the right man, whe controls | shaft with thin boards, and provide a wooden flue for fire 
the whole service, all the rest goes for nothing. Your ser-| behind them, after his attention had once been called to the 
vice, gentlemen, can never be dispensed with; but, the more | stupidity of such a method; nor would he ever employ a 
adequate the measures taken to provide you with the tools | 





| second time an architect who had misled him into such a 
of your trade, the more judgment, coolness, courage, and | blunder, however effective the elevation of the building 
occasional audacity will you be called upon to exert, |might be, or however true to high art the design of the 
But pow you may say to me: ‘** You have pictured the} terra-cotta tiles with which the front of the fire-trap was 
dangers with which we are called upon to contend; you | decorated. 
have put into words, without exaggeration or malice, the} No owner or tenant would ever dare employ women and 
faults and follies, the criminal stupidity and negligence, by | children, by scores or hundreds, on fourth, fifth, and sixth 
which lives and property are endangered and lost; you have | floors, at the head of single flights of combustible stairways, 
recorded the waste of fire that causes every year in the loss | three feet wide on the treads, after the danger to his own 








and expense a tax upon the whole community much greater 
than the cost of sustaining the largest standing army main- 
tained by any nation in Europe, being a tax, directly or in- 
directly, of one bundred and thirty million to one bun- 
dred and fifty million dollars—but what are the reme- 
dies? It is easy to find fault, but almost as useless as it 
is easy, unless a way to avoid the faults can be indicated at 
the same time.” 

In this rejoinder you are right; and my criticism of the 
present methods of building and protecting cities would be 
nothing but an arrogant impertinence, if 1 were notin some 
degree prepared to meet your comment. 

Isay, in some degree prepared, because the complete 
remedy for all these faults must be the slow evolution of 
more than one generation. 

It has taken more than forty years to bring the right con- 
struction of the textile factory, the paper mill, and the ma- 
chine shop to its present rule, and to perfect the apparatus 
and means of preventing loss from the fires that must occur 
in them; yet hardly a month passes without some new and 
instructive fact coming to our notice, or some new method 
proving to be expedient. 

You know the hazard of the factories that we insure in 
the factory mutuals—the almost explosive nature of cotton 
fiber in the picker and card rooms; the extreme danger of 
wool saturated with oil; the liability to heated bearings in 
machinery operating at the highest speed; the hazard of raw 
material in the processes of drying; the spontaneous com- 
bustion even of the goods themselves from the oxidation of 
the dyestuffs used in them; yet, subject as we are to all 
these extra hazards, our losses since | became president of 
the company—a period of two years and eight months— 
have been only one hundred and thirty-four thousand dol- 
lars on one hundred and twenty-five million dollars of risks 
insured, absorbing only a little more than ten hundredths of 
one per cent. on the amount of the risks taken. 

During the whole period in which the company has ex- 
isted, and while its members and officers were learning how 
to build and how to protect the rty, the cost of insur- 
ance has been less than one-third of one per cent.; and the 
amount of premium returned to the members, after deduct- 
ing all losses and expenses, even though levied at rates 


pocket had been called to his attention. Yet some of the 
subscribers to the Society for the Prevention of Cruelty to 
Children are and have been the owners of such premises in 
this city. 
| No owner would ever permit himself or his tenant to 
store combustible goods or to follow dangerous occupations 
in the upper stories of our high city buildings, without 
| adequate provision for checking a fire at its very beginning, 
jafter he had been instructed how to fit the premises with 
automatic sprinklers or other means of preventing loss, and 
had learned how cheap and how effective such appliances 
| were. 
| No sane person would fail to cut off the wooden flues 
from intercommunication with each otber in buildings where 
hollow walls and ceiled floors cannot be dispensed with, if 
his attention had once been called to the facility with which 
it can be done at very little cost. Especially would this be 
true in dwelling houses or warehouses intended to be occu- 
pied by their owners. 

In calling these interspaces or hollow spaces in walls and 
| floors by the name of * flues,” persons whe are not in the 
| habit of thinking about fires may be confused. 

If we consider the relation to each other of all the walls, 

floors, and roof of a brick or stone building of common 
| construction, we find them connected not only by the con- 
| tact of the solid materials, but also by air-passages or spaces, 
| which I have called “flues.” 
| These air-spaces have their use and also their danger; and 
the utter failure of the great majority of so-called architects 
is in their want of discrimination in respect to use and 
danger. 
| An air-space between the outer wall of a building com- 
posed of brick or stone, and the inner structure composed of 
timber and sheathing or plastering, is often, perhaps always, 
a necessity in dwelling houses and in shops that must be ex- 
| pensively finished in order to be adapted to their use; but in 
most wholesale warehouses even such an air-space in the 
outer wall is not required, and in a factory it is worse than 
useless. 
But even these air-spaces should contain only still or dead 
air, and not circulating air, in order that they may serve the 
purpose of a non-conductor of heat and cold, or of moisture, 
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which constitutes their use. Yet in nine buildings out of | 


ten there is an open passage from the air-spaces of the outer 
walls to those on the party walls, thence to those in the 
floors and to those in the roof; so that there is an almost un- 
obstructed circulation of air, rats, mice, or fire. 

Most architects give so little consideration to this point | 
that they sacrifice the main object of the air-space in greater | 
part by a mode of construction that assures the maximum | 
of danger in case of fire. | 

But, even where air-spaces are required on outer walls, | 
they are intolerable on party walls of shops and warehouses, | 
or even in dwelling houses where the party walls are of | 
moderately good construction. Such walls can be plastered | 
solid without harm, as there is no liability to the condensa- | 
tion of moisture on them. If sheathing 1s required on| 
party walls, it can be so put on that no fire can possibly pass | 
behind it; or the wall can be finished with wire lath and | 
plastering at as low a cost as for sheathing. | 

In respect to floors, the air-space is alleged to be needed | 
in dwelling houses and office bull iings to deaden sound; but | 
sound can be deadened by putting sheathing felt between | 
the plank and boards of a solid floor constructed on the | 
factory plan. 

Air-spaces in floors are, however, subject to comparatively 
little objection if they are not connected with vertical air- 
spaces, or flues, in the walls. 

If wire lath is used for ceilings, and the air-space in the 
floor is not connected with vertical flues, [ suppose such a} 
construction is actually safer than the open construction on | 
the factory plan, if the building is not to be used for manu 
facturing. In that case uo hollow floor can be tolerated. 





| 
A NEARLY FIREPROOF BUILDING WITH! 


ORDINARY MATERIALS. 


In fact, | suppose the nearest approach to fireproof con- | 
struction, or to a construction in which the combustion of | 
the contents would impair the building least, would be a/| 
building constructed, as to the outer walls, of brick; the} 
windows protected with wooden shutters covered with tin; 
the walls plastered inside on wire; the floors and stairways | 
of timber, three-inch plank, and one-inch top boards; the 
ceilings plastered on wire, the wire following the line of the 
timber and plank, the top boards laid in mortar, and the | 
stairways plastered on wire; cach floor cut off from the one | 
below by passage-way and wooden doors, both sheathed | 
with tin; elevators to be in brick shafts, furnished with self- | 
closing hatches, and lighted from above by a skylight of two | 
thin plates of glass set in one sash, with wire netting be- 
tween the plates. 

Such a shaft would serve as a safe flue in case a fire 
should ever get into it, and the skylight would not expose 
firemen to the danger that ensues from the use of thick 
plates of glass when broken by heat; while the wire 
netting would keep out sparks from adjacent fires quite as 
effectively as thick glass, or more so. 

I mean to say that by the right disposition of timber and 
plank (boards being used only for top floors), and by the | 
common-sense use of wire lath, plastering, and tin, a city, 
warehouse can be built in which the ordinary contents of 
any floor could be separately consumed to the extent to | 
which combustion could possibly reach before a moderately | 
effective fire department would get into action, and with | 
less injury to the building from fire or water than if only | 
brick and iron were used. 

In other words, we have reached the conviction that the} 
abundance of wood in the United States may not only be | 
made to serve economy in construction, but may be made as | 
safe as the socalled fireproof buildings of Europe, if 
architects and builders are rightly instructed in the use of 
the material. There is less loss in the cotton factories of 
New England than in those of Lancashire, although the 
latter are mostly of the so-called fireproof construction, be- 
cause our means of preventing the extension of a fire are 
better, and our mills are immeasurably cleaner. 

L venture to ask you, if a discussion ensues upon this | 
paper, if you are not subjected to greater danger in dealing 
with fires, from the ignorant use of stone and iron, than you 
are from the use of wood for inside purposes, where a}; 
moderate degree of skill has been used in the disposition of 
the wood? and also if you are not more retarded than aided 
by the use of iron for roofs, doors, and shutters? 

It may be true that, if the demand were made for the 
materials for the building that I have described, their un- 
usual sizes and shapes might cause a single building to be 
more costly than the common combustible construction; 
but as soon as attention is given to the subject, and com- 
mon sense displaces the present bad custom, cannot doubt 
that incombustible construction will be the cheapest, because 
there will then be a demand for materials cut in such form | 
as to adapt them to safe use. 

In expressing these opinions as to the feasibility of con- | 
structing very safe buildings, in which wood may be a com- 
ponent material to as great or even a greater extent than at | 
present, 1 do not, of course, intend to compare these} 
structures with post offices, custom houses, or other govern 
ment buildings, nor with such structures as have been 
erected by life insurance companies, in which classes of 
structure the prime cost appears to be little regarded. 

I merely give the judgment of myself, based on a com- | 
pilation of results, and of the officers and inspectors of 
factory mutual insurance companies, based on many years 
of observation and experience, that brick, timber, plaster, | 
and tin may be so combined in a structure for any ordinary 
purpose as to make even the complete destruction of one | 
building very improbable, and a great conflagration sub- | 
stantially impossible } 

f a fire engineer were only authorized and instructed to | 
watch the construction of warehouses, and to advise the 
owners not to commit the faults against which he is weary 
obliged to prepare to defend them after they are committed, | 
surely no person of sufficient common sense to have become | 
the owner of real estate could disregard the warning. And | 


HOW TO MAKE 


if,it became the practice to watch the modes of construction | venting destructive fire usually costs a sum equal to one| to over twelve pounds pressure, and where su 
as the mutual underwriters watch the building of the factories | to two years’ premiums of insurance on the premises at the| steam could never have been present. 


which they are to insure, incompetent architects would soon | 


safe buildings, and attend to safety in their use, than to rely | 


upon an insurance company for indemnity. I would even 
say that while there would be great hardship to individuals, 
and great interference with credit, if all contracts of in. 
surance, except upon the mutual system, were prohibited 
by law, I am satisfied that there would be a national saving. 

I would, therefore, cease to give any State supervision to 
this contract; and then it would be as important Tor the as 
sured to examine into the character and standing of their 
underwriters as it is in regard to their tenants or other 
customers. 

I know of no branch of business to which so little care 
and attention is commonly given, or that is so expensively 
and wastefully conducted, as that of insurance; and I can 
see no remedy until States give up the futile undertaking of 
protecting the contract by special supervision, except to the 
extent of requiring quarterly statements to be made and 
publicly advertised in newspapers selected for the purpose. 

But this matter is only indirectly before you. I refer to it 
because I am inclined to attribute the excessive losses by fire 
in this country to an apparently cheap but really very costly 
and unfit method of insurance. 

5. Your own departments may be supplemented by addi- 
tional apparatus, subject to your own control. I have had 
the honor of suggesting a plan for the protection of the 
high, flat-roofed warehouses, now so common in all cities, 
by conducting the water through outside stand pipes, and 
thence through a horizontal pipe service upon the roofs— 
furnished with frequent hydrants at the party or parapet 
walls, dividing the warehouses from each other; such roof 
service to be connected from .block to block, and served 
either by the pressure of water from a high reservoir, or by 
a steam fire engine coupled on at the base of the stand pipe. 
My plan was rejected by the committee on fire departments 
and by the city council, although approved by the fire com- 
missioners; but yet I say I had the honor of presenting it. 
I claim it as an honor, because of the reasons assigned for 
its rejection. 

The first reason published was that, if the plan was 
adopted, the city would become so safe as to cause the with- 
drawal of insurance capital from it. 

The second reason, given by the president of an insurance 
company, was that, if it was adopted, the water would be let 
on the fire so quickly from above that the protective de- 
partment would not have time to cover the goods below with 
their rubber blankets, and the water damage would be ex- 
cessive. 

The third reason—which, I was credibly informed, was 


| the one that caused the rejection of a specific proposal to 





the city government, on my part, to protect one block of | 
about three-quarters of an acre in extent of flat roofs at} 
a cost of twelve hundred dollars—was, that the service | 
would prove so completely effective that the city would be} 
obliged to carry it out throughout the remainder of the area | 


| of high buildings, about fifty acres in extent. 


6. Tenants and occupants are learning to protect them-| 
selves better; the combinations for electric fire alarms are 
extending; and the Parmalee automatic sprinkler—the most 
effective instrument for extinguishing fire that there is in| 
existence to-day—is beginning to be introduced in some | 
premises besides those that are insured in the mutual com- | 
panies, in spite of the tacit or active opposition of that} 
class of underwriters—small, 1 hope, in number—who dis- | 
courage all improvement in this direction, and who prefer | 
the chances of betting on bad risks to the more certain | 
prospect of smaller immediate gains from safer methods, | 

These sprinklers are generally used, of course, as a self- | 
operating fire extinguisher, with water standing in the sys-| 
tem of pipes to which they are attached, ready for distribu 
tion by the action of heat; but I wish especially to suggest | 
to you their use as a means of distributing water into the 
upper stories of high buildings from your steam fire engines. 

The arrangement would consist of the usual distribution 


| of automatic sprinklers in the building, attached to a sys-| 


tem of pipe, with a connection on the main supply pipe at | 
or near the ground to which hose from the steamers can be | 
attached. 

The great advantage of saving the time necessary to gain | 
access to such buildings, putting all the available water just | 
where the fire is and nowhere else, and this without admit- 
ting air to support combustion, must be apparent to you all. | 
They cannot waste any water, or by any possibility delay or | 
interfere with any other efforts that may be deemed neces-| 
sary to save preperty. 

The admitted need of some more certain and effective | 
means of extinguishing fire in the more inaccessible por- | 
tions of our lofty city buildings seems to justify attention | 
to an appliance which has repeatedly proved itself a success 
by practical working. 

7. The fact is beginning to be understood that all insur- 
ance is but a system of mutual protection—that the capital 


| of a stock company only serves as a guaranty, the premiums | attention. 


being the real fund provided for indemnity. When this| 
becomes clear, men begin to ask themselves whether it is not | 
a clumsy method of co-operation, in which thirty to forty 
per cent. of the premium or indemnity fund is absorbed on | 
the average by expenses, and only sixty to seventy per cent, 


| —often only thirty to forty—is available for indemnity. 


Then comes the question, Cannot a system be established 
by which the whole benefit of the premiums may be en- 
joyed by those who pay them? The answer is found as| 
yet only in a mutual system in which the prevention of fire | 
is the paramount object; but there are other methods that 
are sure to be adopted ere long. The present wasteful) 
method cannot long be tolerated; and the next great con- 
flagration, after it has bankrupted a third or a half of the 
companies now struggling for existence, can hardly fail to | 
be sufficient to assure reform. 

If that fire strikes the dry goods district in New York it | 
will be a costly lesson, against wiich provision ought now | 
to be made. 

The equipment of a cotton factory with means of pre- | 


regular rates. The average dividends in the mutual offices 


to pay over a thousand dollars has been less than one-half 
the amount insured. 

I have computed, in a rough way, that this company has 
insured property iv thirty years equal to thirty thousand 
separate risks insured for one year; or, rather, we have in- 
sured ten thousand risks in groups of three buiidings, each 
within less than one hundred feet of the other. 

Fire has been prevented from extending from one de- 
tached building to another of those insured by us, with one 
single exception; fire has been communicated from other 
buildings to those insured by us in two cases only. In all 
three of these instances adequate apparatus was misused or 
broken for want of a competent chief to control it, 

In the whole period since the establishment of the com- 
pany, in 1855, we have had but twenty-four total losses of 
the whole amount insured on any one risk. 

I give you these facts from our own experience merely to 
prove the efficiency of good apparatus, worked by trained 
men under competent chiefs, in saving property of a most 
hazardous kind. I do not give them in order to advertise 
the company or the system; for that we never do. 

I assume that I rcally owe the honor of addressing you 
only to the fact that I hold the position of President of the 
Boston Manufacturers’ Mutual Fire Insurance Company, 
and that 1 have thereby been enabled to compile the results 
of the experience of that and other companies. I can claim 
no other qualification. My own personal and official expe- 
rience has not been long, although I have been interested as 
a director and member for very many years, 

In my own judgment, the one practical idea that I have 
presented to you is the suggestion that measures shall be 
taken to make it a part of the official duties of fire engineers 
and their assistants to observe the construction of buildings 
in process of erection; to take note of the faults and 
dangers, and of the insufficient means of egress for opera- 
tives employed therein; to make and maintain a record of 
the facts; and to call the attention of owners, builders, and 
architects to the points of danger and of false construction 
at the time they are threatened or actually committed—such 
records to be open to the inspection of underwriters and 
their agents. 

When the fires thereafter occur the fault will lie at the 
doors of those who might have applied the remedy. It 


| will make it more difficult for them to collect their losses; 


and if they have not complicd with the statute in respect 
to the means of escape, and loss of life or limb has hap 
pened, the record will tell heavily against them in the trials 
for damages. 

I have little faith in legal compulsion, but the utmost 
faith in the force of public opinion, and in making it for 
the self-interest of the owners and occupants of estates to 
protect themselves, 

It is by such self-interest that we have made cotton and 
woolen factories, paper mills, and machine shops, better 
risks than stone churches, brick hospitals and asylums, and 
iron warehouses. 

The questions before you are of national importance. The 
annual cost of fires in the United States, direct and indi- 
rect, is, as I have stated, one hundred aud thirty million to 
one hundred and fifty million dollars a year. 

The actual destruction by fire annually amounts to a sum 
equal to the cost of sustaining the largest standing army 
now maintained by any nation in Europe, 

Can we afford such a waste? If such a direct tax were 
imposed, should we bear it? Yet this tax is distributed 
with unerring certainty on every man, woman, and child in 
this broad iand. 

One-half of this sum, at the very least, is a shameful, 


| useless, and ignorant waste. 


How much you save the pation by your skill and courage 
I should not dare compute. It would be a vast sum. Your 
departments are marked examples of all that skill can make 
them; but while they give the best evidence of our capa- 
city asa nation to cope with danger and provide against it, 
yet the very necessity for your perfect work, and your ina- 
bility, with all your force, skill, and courage, to prevent a 
loss that constitutes the heaviest single tax upon this nation, 
is either evidence of ignorance and incapacity in other 
directions, or of criminal and wasteful negligence. 

If we show how to save only one-half of the vast sum 
now lost, we may add to the resources of the country every 
year a sum nearly equal to the interest on the national debt. 
This we may do, I confidently believe, by simple methods 
such as I have sketched; and by so doing we may enhance 
the importance of our own ,position; we may add to the 
dignity of our calling, if not for ourselves, for those who 
come after us; and we may thus serve our country, our 
cities, our towns, and our neighbors, in the most effective 
way that is open to us. 

Among the subjects assigned to special committees, I 
observe several to which we have been obliged to give great 


The quality and durability of hose is one of these. The 
conditions of use of hose in factories and by private fire 
departments vary so essentially from that of regular fire 
departments that our standard will not fully serve your 
purpose. At the same time our tests may not be without 
value to you, and I submitthem. The subject is still under 
investigation; but some of our methods take many months 
of trial. The samples tried are at our office, where any of 
you will be welcome. 

We have there also various models of automatic doors, 
shutters, and hatchways—tinned wooden doors that have 
saved heavy loss where iron has failed—and other matters, 


FIRES CAUSED BY STEAM PIPES. 
The possibility of fire being caused by contact of wood 


| with steam pipes may also be conclusively proved to you by 


many examples that we have gathered. 

Here is one: a portion of the sill of a hotel in Woonsocket, 
less than one year old, through which a heating pipe was 
carried in contact, from a boiler that was never subjected 


mapa 
The building was 
not insured by us; but after the fire, which was put out 


cease to be employed, and careiess builders would no longer | for two years, or at the utmost for three, rarely fail to reim- | with small loss, I sent a young man, who cut this piece of 


leave combustible rubbish in concealed spaces. 


4. I am not without bope of a better method of supervision | 
The futile attempt to supervise the con- | 


by underwriters 


buildings for admission when | 
It is safe to affirm that, if the} 
<- 


burse the cost of preparip 
they are rightly construct 
young engineers who are employed in the work of inspe 





tract of insurance through State commissioners will some | tion in the company under my charge could have the use 
time be given up. When that time comes, weak insurance | of the sum of money paid for one year for the insurance in 
companies will no longer be able to compete with strong} the dry goods district of New York, or in the rebuilt burnt 
ones, being enabled to do so only because they have met a| district of Boston, they could make a great conflagration 
fallacious standard of solvency, and received a quasi guaranty | impossible, and with two years’ premiums they could make 
of the State in their license to do business within its limits. | the total destruction of a single building almost equally 
Strong companies may then impose conditions, charge | impossible. 
adequate rates, and have a margin for abatement of rate} In the last seven years we have had but four total losses, 
when measures of protection are taken. aud none of these were in the main factory buildin The 
It may then beeome more profitable for owners to build! proportion of loss in fires on which we have been called 


ra 
gs. 





burned wood from the sill, and mounted it on the pipe in 
the exact manner in which it had been placed. 

Any one who denies the possibility of combustion from 
the contact of wood with a steam-heating pipe is au igno- 
ramus. 

But there is a much more serious and as common a cause 
of danger of fire from steam pipes used for the distribution 
of heat in factories, workshops, and the like, where they 
are arranged in lines or coils at the sides of the rooms, 
under the windows. 

This is, as you are well aware, the customary place for 
them; and when so placed they are apt to become encum- 
bered with lint, shavings, and rubbish of all sorts, especially 
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behind work benches, They also serve as receptacles for 
raza, brushes, old slippers, overalls, and all sorts of combus- 
tible material; and they are a frequent and constant cause of 
fires, 

The remedy is to place the pipes overhead, either on the 
wall above the windows, or, what is far better, hung on 
wackets or hooks one or two feet below the beams, and 
cight or ten feet above the floor. When so placed, they are 
in sight, and are not liable to become encumbered with com- 
bustible rubbish 

When over the windows, they heat as well as when below 
in all rooms where there is even but a very little shaft- 
ing and belting to start the circulation. 

hen bung in the rooms away from the walls and below 

the beams, they are safer, cheaper, and better in every way. 

You will many of you receive this statement with the in 
credulity to which we are accustomed; but I can assure you 
it is not an open question; the facts as I have given them 
are absolutely proved. 

This method has been advised by our vice-president, Mr. 
William B. Whitney, for many years, and has been adopted 
in many first-class factories. 


SPONTANEOUS COMBUSTION, 


Spontaneous combustion is one of the subjects referred to 
a specia! committee. 

This is a subject of grave interest to the factory under- 
writer. Oil and grease are our great enemies, and have, in 
one way or another, been the cause of about one-half our 
losses. 

Another great danger of spontaneous combustion is to be 
found in dyed yarns and goods in which some of the more 
modern dyes and mordants are used, Chromic acid and 
iron, cuteh, gambier, and some of the combinations of ani- 
line colors, are very dangerous. Rats’ nests | have referred 
to, and I have little doubt they are the cause of many unex 
plained fires. 

For two years past we have been making a thorough scien- 
tific investigation of oil, both for lubrication and for use on 
wool. 

Time would not suffice me to give you the details; but it 
may interest you to know that, while we have entirely abat 
ed many of the most serious causes of danger in the use of | 
oil, we have also saved to our members an annual sum more 
than equal to all the losses and expenses of our company 
each year for the last two years, such saving being not less 
than one hundred thousand dollars a year. 

The introduction of the oils made from petroleum has 
been in many ways a great benefit. About one-fourth part 
of the factories that we insure are lighted with kerosene oil, | 
It will surprise you to learn that we have never met a loss , 
from this cause, because we see to it that safe lamps and | 

remises that are lighted by the vapor | 


sufe oils are used, 

We will not insure 
of gasoline mixed with air at any rate whatever. 

The oils made from petroleum are absolutely free from 
hability to spontaneous combustion, and, as — are now | 
used more than any others for lubrication, one of our great 
dangers has been removed by their introduction. There 
are mineral oils used for lubrication that are dangerous in 
other ways; but they are readily detected and easily avoided. 

There is one other subject referred to a committee, whose 
report I shall await with great interest; and that is, politi- 
cal appointments on the board of engineers or fire depart- 
mnt. 

We have occasion to inform ourselves in regard to the 
water supply and fire departments in many cities; and in 
several we avoid taking risks, either because the water sup- 
ply is insufficient, or because the department, being under 
mere political control, is worse than inefficient. In such 
cases we expect fraud in the purchase of hose and other ap.- | 
paratus, and incompetency in the men. We prefer, if we | 
do take a risk in such a place, that our members should lock 
their gates in case of fire, and manage their own apparatus 
with their own men. 

In conciusion, gentlemen, I am compelled to say to you, 
that, invaluable as your services are, and however great your 
skill and courage may be, you cannot cope unaided with this 
gredt problem. 

No matter what improvement you may make, the mastery 
of the art of combustible architecture keeps in advance of 
you. 

I have compiled some of the statements given in the most 
carefully prepared tables of the Chronicle (145 Broadway, 
New York), and [ find that among what insurance men call 
‘*specials,”” burned in five years and a half from January 1, 
1875, to July 1, 1880, within the limits of the United States, 
there have been— 


1,911 hotels. 
400 churches. 
827 schoolhouses, libraries, and college buildings. 
142 court houses, custom houses, jails, and town balls. 
89 asylums, ailmshouses, and hospitals. 





2,869 in all. 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 250. 


ON THE VENTILATION OF PUBLIC BUILDINGS. 
By James Hoge. 


Tue art of ventilating public and private buildings 1s one 
| that has attracted the attention of the public and has been 
| the serious study of engineers and architects for more than 
fifty years past. Nevertheless the principles or natural laws 
which govern it do not as yet appear to be fully understood, 
or if understood, the proper modes of applying them have 
| not as a general rule been discovered or successfully applied. 
In support of this allegation we have only to cite the unani 
| mous opinion of our legislators, judges, court officers, law- 
| yers, and others enga in our courts; of those who attend 
| lectures, concerts, balls, theaters, schools and churches. All 
| testify that in the buildings erected for such purposes the ven 
| tilation is always more or less imperfect, and that great dis- 
| comfort, ill-health, and even death, isa frequent consequence. 
| The plan, architecture, or decoration uf the building may be 
| as perfect as human taste and skill can make it for the purposes 
| for which it is designed, but in one of the most essential 
| features, that of ventilation, it will be woefully deficient, and 
this again in many cases injures its acoustic qualities and 
prevents it being properly heated. 

Within the past twelve months a series of experiments, 
involving a very great outlay of money, have been going on 
in a public building in this city, and as they bave resulted in 

| obtaining a system of ventilation which is as nearly perfect 
as it probably can be made, we deem it proper and in the 
interests of the public to give a résumé of the problems to 
be solved in this case and how it was done, as it affords valu- 
|able information to those having charge of such buildings. 
| The management of the most elegant and perfectly arrang 
ed theater in this city, being desirous to have it perfectly 
ventilated, made a special study of the subject, and called 
into their counsels persons who had also given the subject 
great consideration or had large experience therein. Thea- 
ters, owing to their requirements and special construction, 
present greater difficulties in ventilation than any other class 
of buildings, hence the favorable outcome of the experi 
ments made become of greater importance and value than if 
they had been made in a building not so imperative in its 
requirements, nor presenting such difficulties arising from 
its construction. 

The problems to be considered and solved were these: 

ist. That the auditorium should be warm in winter and 
cod] in summer. 

2d. That the air should not be surcharged with moisture. 

3d. That the products of the combustion of the gas lights 
should not enter into the atmosphere of the auditorium. 

4th. That the heat arising from the persons therein, the 
products of their lungs, and the insensible perspiration of 
their bodies, should be taken out as speedily as possible. 

5th. That the air entering the auditorium should be as 
much as possible cleansed of dust. 

6th. That the system of ventilation adopted should not 
interfere with the acoustic requirements, but on the contrary 








| aid them. 


7th. That the fresh air should be so introduced as to be 
equally diffused without producing any sensible draughts. 

The first problem, so far as warming the auditorium in 
winter is concerned, is readily solved by the adoption of any 
suitable or convenient form of the many appliances in use 


| for that purpose, causing the air brought into the house to 


be passed through or over any suitable heating surface. The 

| cooling of the air in summer could only be done by passing 
| the air over some material or substance ,colder than the air 
itself; ice or ice water, or frigoritic mixtures, being the 
cheapest and most easily obtained. A sensation of coolness 
due to rapid evaporation could be produced by rapid cur- 
rents of air, although there was no thermometrical difference 
in the air outside and inside. 

The second problem is partly disposed of by the first. 
Moisture in the atmosphere is always precipitated by cold, 
as can readily be seen by the condensation of it on the out- 
side of a tumbler containing very cold water, or in the for- 
mation of hoar frost on a window on a cold day. As few 
persons are aware of the amount of watery vapor contained 
in the atmosphere at different temperatures, we subjoin a 
table of the amount held therein at the point of saturation. 
The first column gives the temperature of the air; the 
second gives the weight in grains of the watery vapor con- 
tained in a cubic foot of air when saturated at the tempera- 
ture indicated: 


Weight. 











|} Temp. Weight. Temp. Temp. Weight. 
0 o-19 35 2 60 70° 794 

5 09s | 40 3°07 75 9°24 

10 1°10 45 3°61 80 10°73 

15 131 | 50 4°24 85 12°44 

20 1°56 55 4°98 90 14°39 

25 186 | 60 5°82 95 16°60 

30 2°20 65 6°81 100 19°13 





Ten buildings in each week of the classes which may be | 


considered those to which the greatest attention should be 
given in order to protect them from the danger of fire. 

I wish we could say that in these five years and a half 
there had been much progress; but I am very sure you will 
warrant me in the statement, that the measures that have 
beep taken to secure greater safety have been more than off- 
set by the increased dangers caused by the introduction of 
elevators, the greater height of buildings, and the establish 
ment of hazardous occupations in the upper stories. 

I am compelled to say that the danger of a repetition of 
great conflagrations, like those of Chicago and Boston, is 
greater to-day than ever before, although perhaps not in the 
same cities. 1 have taken as examples of bad construction 
some buildings in this city; but | would by no means have 
it inferred that the reconstructed portion of Boston is not 
safer than before the great fire. Many of the most obvious 
lessons were taught by that great lesson; but the changes in 
the use of the buildings, and the introduction of manufac- 
turing in the upper stories, have brought new dangers, and 
our present danger here is in the minor, not in the major, 
faults. How much greater these dangers are elsewhere, you 
can tell better than I can. 

The annual losses by fire in cities as now constructed will 
increase in greater ratio than ever before, unless instant 
measures are taken to correct the faults of construction and 
to supplement your present apparatus with other means and 
appliances for checking the extension of fires, such as I 
have described, or others yet to be invented 

I thank you for your attention, and cordially invite you 
to visit the office of our compary if you desire further in- 
formation as to our methods or apparatus, 


By the above table it will be seen that saturated air at 100 
temperature, when the temperature is reduced to 30°, will 
have precipitated nearly seventeen grains of watery vapor, 
and will, therefore, be nearly nine times drier at the lower tem- 
perature than at the higher, and so in proportion between 
any other two points of temperature. There are chemical 
substances which have a great affinity for water, such as 
sulphuric acid, chloride of calcium, and alumina, or alumine, 
as it is sometimes called; the first is clearly inadmissible 
on account of its deleterious effects on the lungs, the second 
is liable to the same objections, but not to so great a degree. 
Alumina being a simple substance, that is, uncombined 
with any other, it being pure clay, is not at all injurious, 
and, as it has a great affinity for water, taking up 50 per 
cent. of its weight when perfectly dry, it is probably the 
best substance that can be used for drying the air artificially, 
but it does not cool it at the same time. The erection of 
cold chambers, such as are now used in the preservation of 
articles of food, in which the cold, dry atmosphere in 
| them is produced by some of the various devices and ma- 
chines for producing artificial ice, was suggested, but the 
'cost of their erection, and that they would only be needed 
| for three or four months in the year, was a sufficient objection 
jto them. The use of ice was, therefore, decided upon. 
| When, as in winter time, warm and moister air is needed, 
| the injection of steam from the exhaust pipe of the engine 
| would furnish both heat and moisture. 

The third problem was partly solved by inclosing the side 
gaslights in the auditorium in plate-glass boxes, each set 
having its separate ventilating flue. The great dome light 
was also inclosed in glass, the under side being of prisms of 
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| glass, arranged somewhat on the Fresnel system, so as to 
throw the light downward. This dome light had its ow) 
| ventilating flue, opening out on the roof of the house. The 
ventilation of the gaslight was produced in the natural way, 
by the rarefaction of the air, produced by the heat from 
the combustion of the gas. The arrangement was simple 
and perfectly effective, as none of the products of com. 
bustion, such as carbonic acid gas, sulphureted hydrogen, 
ammoniacal gas, or other deleterious products, escape into 
the auditorium. The footlights of the stage. which are q 
continual source of annoyance in every theater, could not 
be arranged in this way, and presented x somewhat diffi 
cult problem. ‘The heat generated by the feotlighis in this 
theater is sufficient to run a boiler for a ten-horse power stcam 
engive. The effect of this immense amount of heat and 
the resulting deterioration of the air by the prcduets of the 
combustion of such a large amount of gas can be exsily 
imagined. Many halls and theaters are heated almost solely 
by the gas burned seemingly to light them. The problem 
was solved by inclosing each footlight in an «pen hood, or 
little pulpit, so to speak, which connected with an air tube 
in common, discharging into air ducts communicating with 
one of the main discharging air flues, 

The fourth problem was the most treublescme of all, as so 
many points had to be taken into consideration. On an 
average every grown person makes sixteen inspirations of 
air per minute, taking into. the lungs twenty cubic inches «1 
each inspiration, equal to three hundred and twenty cubic 
inches per minute, or 19,200 cubic incl es, or cleven cubic 
feet, per hour. In passing through the lungs it loses from 
four to six per cent. of its oxygen and gains from three to four 
per cent. of carbonic acid gas. This gas, as is well known, 
is extremely poisonous to animal life, acting as a powerful 
narcotic poison. It is half as heavy again as air, and can 
be poured from one vessel into another like water. Hence 
it always settles down into the lower part of the auditorium, 
as water settles under oil, causing the occupants of the 
parquet to be entirely enveloped in it, and producing head- 
ache, stupor, and other symptoms of narcotic poisoning. 
Owing to its great specific gravity as compared with air, 
spontaneous ventilation will scarcely remove it, hence 
mechanical means must be used to get rid of it. From the 

| above it will be seen that if the same air could be breathed 
| over again a sufficient number of times it would lose all its 
oxygen, and at the same produce four per cent. of this 
poisonous gas at each inspiration. Besides this change in 
‘the air breathed, six grains of watery vapor are given off 
every minute from the lungs, and eighteen grains from the 
skin of every full-grown human being. The ordinary tem 
perature of the human body is about 9&8; taking 73° as a 
pleasant temperature to sit in, we have twenty-five surplus 
units of heat arising from each person that must be con 
tinuously gotten rid of. Spontaneous ventilation was entirely 
out of the question, for it would not, and did not, remove 
the carbonic acid gas, sufficiently supply the loss of oxygen, 
_ nor reduce the extra thermometrical heat. Mechanical ap 
pliances were, therefore, necessary; what they were we will 
shortly explain. 

The fifth problem is one which we have not hitherto seen 
taken into consideration in ventilation, New York city, and, 
presumably, all large cities, are in dry weather enveloped in 
a cloud of soot and dust. This city is generally covered 
with such a cloud at least one hundred feet high. In view 
of the immense quantity of air that would have to be forced 
into the theater in order to thoroughly ventilate it, the 
amount of dust in it would be a very serious annoyance to 
the audience. To obviate this, a shaft outside of the theater, 

| six feet square, was built up to a height of fifty feet, and in 

| this hangs an immense bag or sack, similar to a jelly bag. 
This bag is of nearly the same height, and the same area at 

| the top as the shaft, and is made of cotton cloth, similar 
in texture to what is known as cheese cloth. As the air is 
drawn into the theater by the mechanical means adopted, it 
has to pass through the meshes of this cloth, and the dust 
is thereby sifted or filtered out of it. When this bag be- 
comes loaded or choked with dust it is removed, washed, 
and then replaced in its original position. 

The sixth problem was one of no small importance. The 
experiments made by Mr. Tyndall for the Light House Board 
in Great Britain showed that the atmosphere was scldom 
homogeneous in its nature, that it lay in intermixed masses 
‘of different density, and that sound passed through or was 
deflected by these masses according to their density. If, 
| therefore, a column of rarefied air passed up from the floor 
of the auditorium and out through the dome light, although 
the air might be homogeneous, and the uiterances of the 
actors on the stage pass readily through it, yet they would 

, be deflected upward, and the rushing in of the air cutside 
of the immediate column of rarefied air, causing counter 
currents, would carry their voices with it, and prevent the 

| intonations and inflections of their voices being properly 
| heard by the audience. So, too, those who would be above 
the stratum of air, not mixed with the carbonic acid gas of 
| greater density, would hear much better than those who 
| were submerged in it. It therefore became necessary so to 
admit and direct the currents of air that they should flow 

{from the front of the stage to the back of the auditorium 

| and carry the voices of the actors with them. 

| The seating capacity of the theater is for an audience of 
about six hundred and fifty persons, its cubical contents 
being about 90,000 cubic feet. Careful calculations showed 
that, to produce the desired ventilation, 1,000,000 cubic 
feet per hour would have to be introduced, giving to each 
person about 1,500 cubic feet per hour, or twenty-five cubic 
feet per minute, and a complete change of air in the house 
every five and a half minutes. This was the theoretical 
quantities aimed at, but it was not expected that they 
would be actually reached, owing to the friction and 
other obstacles incident to the distribution of the 
air. To pass this million of cubic feet of air per hour 
through the auditorium necessitated the passage of two hun- 
dred and seventy-eight cubic feet per second, at a velocity 
of two and a half feet per second, that being the greatest 
velocity attainable without discomfort, and requires open- 
ings of 15,984 square inches, or one hundred and eleven 
square feet, for its delivery. To accomplish this, nearly a 
mile of tin and iron pipe have been used to distribute the 
pure air under every seat in the parquet, and in a con- 
tinuous circle of perforations from box to box over the 
parquet, and in the space between the floor of the first 
balcony and the ceiling underneath, and also across the en- 
tire stage front, behind a bank of flowering plants, which, 
in this theater, replaces the orchestra, it being located over 
the stage opening. The air has, therefore, a sufficient num- 
ber and area of openings to permit its entrance without dis 
comfort to the audience, but, to aid in this and other objects 
the outgoing currents are made to flow toward the back ol 
the house. This was done to attain a twofold purpose—one 
was to draw the air toward the faces of the audiences for 
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their comfort, and to aid the acoustic qualities of the house was not as effective as itought to be, that over the second bal- 
by carrying, so to speak, the voices of the actors toward the cony was not fully effective, and the trouble with the foot- 
audience. Openings are therefore made under each of the | lights was only partially remedied. To aid the ventilation, 
balconies at the rear of the house, and from these rather| powerful Bunsen burners were put into the upper part of 
than from the ceiling the greater part of the air is taken. | the exhaust shaft. so as to intensely heat and rarefy the air 
Although the air passes through the lower fan at the rate of | passing through it. This method of producing spontaneous 
sixty miles an hour, and through the upper fan at the rate of | ventilation failed of its purpose, although the fan at one 
thirty miles, yet no uncomfortable current is felt in the | hundred and eighty revolutions per minute was delivering 
house. | at least 750,000 cubic feet of air per hour, or nearly twenty 

The mechanical arrangements adopted for bringing fresh | cubic feet per minute to each person. This allowance is 
air into the theater consists in connecting a large Shovtovent | five times as much as engineers consider necessary. To 
blower or fan, eight feet in diameter and three feet face, | overcome the defective ventilation spoken off, another fan 
with the upright air shaft before mentioned, by means of a | of the same size was placed in a small house on the roof, with 
large horizontal air duct. This fan was driven by a small | the exhaust shaft opening into it, the ventilator of the dome 
steam engine, capable of working up to two bended revo- | light and another one from over the orchestra, which here 
lutions per minute. All the ventilating machinery is placed is over the proscenium, and from the footlights, also open- 
in the cellar (underneath the auditorium), which is given up| ing into it. This fan is also driven by a small steam engine 
entirely to this purpose, the dressing rooms, water closets, | and can be run up to the same number of revolutions per 
ete., being in an adjoining building. ‘The fan delivers the| minute. The Bunsen burners were of course taken out. 
air into several smaller air ducts, and these again to nearly | When the lower fan is driven at about one hundred and fifty 
four hundred tin pipes, each four inches in diameter. Each | revolutions per minute, and the upper one at one hundred 
of these pipes has a square funnel-shaped opening, covered | revolutions, a current of air is sensibly felt in every part 
with wire gauze, discharging through the riser under each | of the house; the temperature is but little above that of the ex- 
chair in the main body of the house. The funnel-shaped | ternal air; no fluffiness or bad odors are discernible; the em 
mouth and the wire gauze prevent the air from coming out | anations from the footlights are carried off, the acoustics are 
as through a shute and equalize its delivery. Each person is | perfect, and there is no headache or sleepiness produced in 
thus enveloped in a rising body of fresh air. All around the | the audience. The ventilation is as nearly perfect as it is 
exterior walls under the first balcony are ornamentally | possible to make it. It should be added that the windows 
masked outlet openings for the exhaustion of the air; these | and doors are kept closely shut during the performances. 
communicate with air ducts in the walls, and these again | If any one needed to be convinced of the necessity of venti- 
with a large vertical shaft connected with an exhaust fan of | lating large audience rooms, a visit to the small room con- 
similar size to that below, placed on the roof of the build-| taining the exhaust fan would soon convince him. The 
ing. As we before said, the air for the balconies is brought in | emanations from the gas lights, the effluvia from the per- 

















through the ceiling under the first balcony. These balconies! sons in the audience, with a mixture of the perfumery on 
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wrong end of the subject, and have to a greater or less de- 
gree always failed in attaining the desired results. The real 
yroblem is, how to get the vitiated air out of the building. 
f this is done, nature, through inflexible laws, will see to it 
that fresh air gets in. We will proceed to show why this 
1s 80, 

All gases are possessed of two qualities, extreme mobility 
and great elasticity. As an instance of the first, we would 
state that ordinary illuminating is so mobile that the 
sudden abstraction of the 1-8000th part of the cubic con- 
tents of a gas holder will instantaneously cause a flicker in 
all the burners connected with it; and also that if the lights 
are —— shut off at any one point it is felt along miles 
of conducting pipes. For instance, the sudden turning 
down of the lights in any one of our theaters is almost in- 
stantly indicated by the pressure gauges at the gasworks, 
where a man is kept purposely to watch these fluctuations 
and to regulate the supply valves in accordance therewith, 
This mobility is always in direct proportion to the specific 
gravity of the gas; that isto say, the lighter it is, the more 
mobile it is. 

The elasticity of gases is proven in the fact that one hun- 
dred cubic inches of air under a pressure of fifteen pounds 
to the inch will immediately expand to two hundred inches 
when the pressure is reduced one-balf. Contrariwise, if 
the pressure is doubled it is reduced to fifty inches, and if 
the pressure is again doubled it is reduced to twenty-five 
inches. All gases are equally alike in these respects. If, 
therefore, we exhaust the air or any portion of air from a 
room, the outer air will immediately find its way in, unless 
the room is hermetically sealed; if, on the contrary, we en- 
deavor to force air into it, we are met by a constantly in- 
creased resistance, inversely proportioned to the amount of 
air furced in, Hence spontaneous ventilation, unless the 
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VENTILATION ARRANGEMENTS OF THE MADISON SQUARE THEATER, NEW YORK, 


EXPLANATION OF THE PLATES. 


Fie. 1.—a, a, a, Inlet air shaft. 6, Ice chamber. 
as indicated by the arrows, e, ¢, e. J. J, , 
and scene room. &, Double stage. /. Orchestra opening. 


Fie. 2.—Enlarged view of the foot light arrangement. a, Foot light with hood and opening 
chamber the gas pipes, c, for supplying the gas lights in various parts of the house are } 
fresh air in front of the stage. 


Fie. 3.—Horizontal plan of foot light arrangement. Each light is screened from its neighbor by a semicircular partition to prevent fl 
zontal outlet air shaft is divided in tle center by a partition so as to send the currents of air right and left to the uptake 


and in Fig. 1. All the horizontal outlet shafts in the house are similarly divided. 


The arrows in the figures indicate the direction of the currents of air. 


~ 


have an arrangement for the outlet of the air similar to that | their handkerchiefs and clothes, is quite nauseating to a 
for the lower part of the house. At the lower part of the great | person of delicate olfactories. 


vertical inlet shaft are placed sacks holding the ice in layers 
of its own thickness, and under these is a cemented trough 
to catch the water from the melting ice. The air passing 
through the filtrating sack has to pass between the layers of 
ice and over the surface of the ice cold water before it en- 
ters the horizontal air duct communicating with the lower 
fan. From 1,500 to 2,800 Ib. are consumed every night 
when the weather requires its use. This is only required 
on hot muggy nights, when cold surfaces are covered with 
dampness, showing great excess of humidity in the air. 
Except on such occasions no attempt to dry the air is made, 
as it is unnecessary to do so. 

At first only one fan was used, and that below, to force 
the air into the house. It was found, however, that while 
it answered an excellent purpose, yet it did not produce per- 
fect ventilation. The ventilation under the second balcony 


The difficulties that had to be surmounted, and the expe- 
rimepts made in this case, go to show very clearly that spon- 
taneous ventilation is wholly inefficient in ventilating build- 
ings where there are large numbers of persons assembled, and 
that the forcing of air into a building is almost equally insuf- 
ficient, and but slightly more efficient when combined with 
spontaneous ventilation. It shows clearly that the only true 
mode of obtaining thorough ventilation is by the exhaust 
system or pumping the air out, under some circumstances 
combined with the repletive system of forcing the air in. 
The following considerations will show why this is so: 

Hitherto it has been almost the universal theory of those 
who have paid any attention to the ventilation of public 


| buildings, that fresh air must be forced into them, and all 


their contrivances for ventilation have been devised under 


|that theory. Unfortunately they have taken hold of the 


c, Air shaft to blowing fan. d, Blowing fan from which the air is distributed by pipes opening under the seats in” the auditorium, 
f, f, Outlet or uptake shafts connecting with the exbaust fan, g. 4, Dust screener indicated by the broken diagonal lines. 7, Stage 


at the back for the escape of the heated air into the horizontal chamber, 5. In this 
: aid in order to heat the gas before being consumed. d, Air duct for supplying 
It is distributed through smaller pipes opening through the mask of the foot lights; these openings are hidden by rows ef living plants. 


ickering by lateral currents of air. The hori 
shafts, one of which is shown at f, both here 


‘air inside the room is much warmer than that outside, 


cannot be made effectual, and mechanical means must bx 
resorted to. Butin crowded assemblies, although the ai: 
in the room may be much warmer, and, therefore, more rare 
fied than the outer air, yet it is so weighted by the increasec 
amount of carbonic acid gas which it contains, that th 
effects of rarefaction are largely neutralized, and the circula 
tion of the air becomes very weak and ee 

The ventilation of the Mt. Cenis Tunnel is a remarkable 
instance, exemplifying the difference between the exhaust 
and the repletive system. When this tunnel was finished 
large airtight doors were placed at each entrance; when « 
train entered the doors at that end were closed, those at the 
other end being opened; air was then forced in at the closed 
end by powerful air engines, and the operation reverse 
when trains entered at the other end. is mode of ven- 
tilation was found to be totally ineffectual, as the air could 
only be forced in a short distance from each end of the tun- 
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nel, the air in the greater part of it not being changed at all. | OBSERVATIONS ON PICCARD’S PROCESS AND 


The reason for this may readily be understood from the fol-; APPARATUS FOR THE ECONOMY OF HEAT IN 
lowing data. The tunnel is 39,482 feet, or nearly seven) BVYAPORATION. 

and a half miles jong, with a face area of about 1,000) 

square feet; this would make its cubic contents to be! One of the most commonly-occurring operations in the 

482,000 cubic feet of air; a cubic foot of air weighs chemical arts and manufactures is evaporation. Sometimes 
over 527 troy grains, of these 7,000 make a pound | it is necessary to concentrate a liquid in order that a sub- 
avoirdupois; so that the weight of air in the tunnel | stance which exists in it in a state of solution may be de- 
is over 1,486 tons of 2, Ib. each. To produce | posited in the form of crystals. Mixtures of different 
proper ventilation by the forcing-in plan, this enormous | compounds are separated by taking advantage of the differ- 
weight of air would have to be forced through the tun. | ent degrees of concentration at which these solutions crys- 
nel as a rag would have to be forced through a gun barrel | tallize. In other cases liquids have to be boiled down 
in cleaning it. We only take the actual weight of air, | entirely in order that some dissolved substance may be 
but the friction in moving it should also be taken into | obtained in a powder. All these operations are, in appear- 
consideration as an element in the calculation. Is it any | ance, exceedingly simple; the temperature of the water or 
wonder that such a mode of ventilation should be inef-| other solvent is raised either by the direct action of fire 
fectual, when such a weight had to be moved intact? At) placed beneath the pan, tank, or cistern, or by the aid of 
the suggestion of an American engineer, the French and | steam circulating in coils of piping placed in the liquid, or 
Italian engineers were induced to adopt the exhaust sys- | admitted into a so-called steam jacket. In consequence of 
tem, and this proved effectual. The same weight of air had | such rise of temperature a part, or the whole, of the solvent 
to be removed, but it was in small, conveniently handled |is driven off, and the solids present crystallized, or are 
quantities, so to speak. As the air at one end was ex-| otherwise deposited, as the case requires. Many practical 
hausted, and a more or less perfect vacuum produced, the men, indeed, have run away with the impression that in a 
whole body of air in the tunnel moved toward it, being process so simple there is no room for any very marked 
pressed forward by the atmospheric pressure at the open improvement. A pound of coal, when thoroughly burnt, 
end. Thisisa remarkable example of the difference be- generates so and so many units of heat, and these heat 
tween the two modes of ventilation, but it markedly illus-| units, if properly applied, will convert into vapor a certain 
trates the difference in the principles. weight of water. The quantity thus calculated is the 

It may be asked, why, in the theater in question, it is | theoretical maximum; the outside limit which we often fall 
deemed necessary to furnish such a large allowance of air to | far short of in practice, but which we cannot hope to ex- 
each person in the audience, when four cubic feet per | ceed. 
minute to each is considered by engineers sufficient for the| All this is incontrovertible: if we evaporate a liquid in 
purposes of respiration. The answer is, that rapid evapo- | open vessels and simply allow the steam to escape into the 
ration produces coolness, and this is obtained by rapid cur- | air, a pound of coal will never enable us to drive off quite a 
rents of air. On the hottest night this season we were pre-! gallon and a half water. Yet, paradoxical as it may sound, 
sent at a lecture from a distinguished gentleman in one of it is perfectly practicable to effect an economy of something 
the finest halls in this city. It was so stifling hot that many like eighty per cent. of the fuel used in evaporation. 
persons could not sit out the lecture and had to kave. At One method of effecting this end—we do not say but that 
the theater everybody present sat out the performance, and other means are conceivable—has been devised by M. P. 
many persons expressed their appreciation of the comfort Piccard, of Lausanne, and is —— to every case in 
they enjoyed without understanding the means by which it | which a solid has te be separated from a liquid by evapora- 
was produced. tion. The fundamental principle of the invention in ques- 

The producing of rapid currents of air in a public build. | tion is the recovery of the heat contained in the steam 
ing is a great aid in heating it when the season of the year| ‘To evaporate, at atmospheric pressure, one and three- 
requires artificial heat. Stagnant air or airin a quiescent quarter pints of water, taken at 32° F., we require 637 
state is one of the best non-conductors of heat known; with- 
out being in motion it is almost impossible to heat it to any 
extent. Asa proof of this we will give an instance which 
occurred at the Patent Office in Washington several years 
ago. In that building there was a room with only one 
window in it, and no means of ventilating it. It was found 
impossible, with a powerful heating apparatus, to get a 
higher temperature in it than 40°; somebody suggested cut 
ting a large hole in the floor to allow an exit for the stag- 
nant air. This was done, and in a few minutes the temper 
ature in the room rose to 90°. 

The application of the principles we have indicated must 
be intelligently applied in each separate building to be ven- 
tilated, as no two buildings are exactly alike in design. 
They are no new discoveries, but are as old as the creation. 
Their proper application in each separate case is the only 
problem to be solved, and that ought to be readily done by 
any person of ordinary intelligence. All patented modes of 
ventilation are but empirical devices; they may succeed in 
one case and fail in half a dozen others. They should never 
be adopted except as auxiliaries, if such they can be made 
to be, to the especial case in hand, 
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COMMERCIAL SYNTHESIS OF AMMONIA. 


WIrain the last twenty years the manufacture of ammo- | 
nia, synthetically, has been several times attempted, and | 
though in every attempt it is probable that ammonia has 
beep made, yet never on a commercial scale. In all these 
attempts the process has been to combine the nitrogen and 
hydrogen directly at a low heat and receive the ammonia in 
solution in water, or th substitution, first forming a cyanide 


STEAM FROM 





at a higher heat, and then indirectly producing ammonia by 
the decomposition of the cyanide, the result in both cases 
being ammonia in solution in water. The process patented 
by Rickman and Thompson is altogether different; they 
produce ammonium chloride direct, and either in dry pow- 
der or in solution, and this by the simplest means and by | calorific units, of which 100 are used in raising it from 
the use of simple apparatus and inexpensive material. They | 32° F. to 212° F., and 537 in converting it from water, at 
do not use retorts, as has been done in all other cases, but | 212° F., into steam, at the same heat. 

simply a closed brick furnace, having the ash pit closed to| The former quantity is called the specific heat of water at 
regulat. the supply of air, and they cause the steam to be | 212° F.; the latter the latent heat of steam at 212 

produced by the waste heat of the furnace itself. The 
deoxidizing material actually used is the dust of steam coal, | steam at 212° F. 

which costs only 1s. 6d. a ton at the pits; to this is added! The total heat of steam remains nearly constant, whatever 
from five to eight per cent of common salt, and this coal may be the temperature at which evaporation takes place. 
dust is the only fuel used, except at the commencement, We give, as examples, some figures showing the total heat 
when a bushel or so of coke is used for lighting. The great | of the steam of water at different pressures: 

difficulty of making ammonia from the nascent hydrogen of 
water and the witrogen of the air is the restricted limits of 
temperature between generation and decomposition; it being 








Pressure |Corresponding temperatures of, 





necessary that carbon, in whatever form used, should be at | in boiling points. Total Meat. 
a full red heat to decompose the vapor of water, but at a| Atmospheres. Degrees Fahrenheit. 

bright red heat ammonia is decomposed. Now ammonium - 

chloride under the same conditions is simply volatilized and 0-1 115 620 59 
not decomposed. As chloride of sodium or of calcium is | 0% 178 631°42 
decomposed at a full red heat in presence of nascent 1 212 637 
ammonia, therefore one of these chlorides is mixed with 2 248 643-28 
the coal that ammonium chloride may be formed; so that if 4 291 650°42 
by chance the heat should be raised to a bright red no loss | 8 339 658-60 
is sustained: the ammonium chloride is simply volatilized. 10 357 661°30 
By these means a greater range of working temperature is 











obtained. At the present time, with the consumption of - 
from twenty to twenty-eight pounds of the mixture of coal 


The sum of the two quantities is called the total heat of | 








One pound of steam can, while condensing and losing its 
total heat, either heat to 212° F., and 6°37 tb. of liquid, or 
cause another pound of liquid to evaporate. This latter 
utilization of the heat of steam, although presenting great 
difficulties, is the one which alone interests manufacturers, 
as the former cannot be generally applied. 

The problem of utilizing steam to cause ebullition in fresh 
quantities of liquid bas been solved in certain industrial ap 
paratus used for distilling, as well as in others employed to 
produce evaporation in sugar manufactories, and known by 
the name of double, triple, or generally multiple action ma- 
chines. 

In these apparatus the steam produced in the boiler is 
brought into contact with the sides of a first pan, containing 
the fluid to be evaporated, and in condensing transmits its 
latent heat to this fluid, which then begins to boil. The 
steam given off by this fluid is, in turn, brought into con- 
tact with the sides of a second pan, where it condenses and 
gives up its heat as before. The operation is repeated at a 
third pan, where ebullition is again produced. 

We said above that steam cannot be condensed upon the 
sides of a vessel unless its temperature is higher than that of 
the liquid to be heated. This condition is fulfilled in the 
triple-action machines by means of a condenser, into which 
cold water is injected by an air pump, which continually 
sucks up the steam escaping from the third pan while pass 
ing through the condenser, and in this way maintains in the 
boiler a vacuum as complete as possible. The lowering of 
the pressure in the last pan allows the liquid it contains to 
boil at a low temperature; consequently the steam of the 
second pan, in which the liquid boils at a temperature 
somewhat higher, condenses by contact with its sides. 
Again, the vacuum produced in the second pan is less com 
plete than in the third, but sufficient to lower the boiling 
point of the fluid it contains, so that the steam of the first 
pan will condense on coming in contact with its sides. 

By this process the steam generated in each pan condenses 
upon the sides of the following one, causing its contents to 
boil; the difference of temperature necessary to produce this 
result being obtained by carrying the steam issuing from 
each pan to the sides of the next, which contains a cooler 
liquid, whose boiling point is lowered by successively smaller 
pressures, 

This difference of temperature secures the transmission of 












dust and salt per hour, from two to three pounds of ammo-!| It will be seen from this table that the steam which 


heat through the sides of the boilers, the amount transmitted 
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Fie, 2. 
PICCARD’S IMPROVED EVAPORATING APPARATUS. 


being in proportion—first, to the difference of temperature 
between the steam and the liquid, and, second, to the extent 
of the transmitting surface. 

In observing the operations of multiple-action machines, 
we remark that the difference of temperature between the 
steam brought into contact with the first boiler and that 
given off by the last is the sum of the respective differences 
of the heat of the transmitting or condensing surfaces. We 
might obtain a great number of gradations, and, consequent- 
ly, successive productions of the heat contained in steam, by 
employing very large condensing surfaces, which would 
permit the transmission of a large amount of heat, with but 
small variation of temperature, and by causing the first 
boiler to be in ebullition at the outset by means of highly- 
heated steam. 

Suppose we heat the first boiler by means of steam under 
a pressure of eight atmospheres, or at 328° F., and by work 
ing the condenser and air pump maintaining ebullition in 
the last boiler at 104° F. If, in addition to this, the con- 
densing surfaces are large enough to transmit, with a differ 
ence of 27° F., all the heat, we shall be able to operate one 
after another in eight boilers, and thus evaporate with the 
same amount of fuel a quantity of water eight times greater 
than if heated directly by fire. 

From this example it would appear that the utility of 
multiple —— might be extended almost indefinitely; 
practically, however, its useful action is very limited. An 
eight successive-action apparatus, for instance, would pre- 


nium chloride is formed. If the process be worked in the | escapes from a liquid, whatever the temperature of the | sent numerous inconveniences, a few of which we will 
vicinity of the coal pits, which undoubtedly it will be, this former may be, carries off with it a considerable amount of | point out: 


coal dust and salt mixture will cost under one penny. heat, corresponding to a heavy outlay of fuel, and may be 


1°. The fluid to be evaporated must be subjected, in the 


| said to form a very costly product, which we must endeavor | first boilers, to very high temperatures, beginning with 


even to avoid completely. 


AMMONIA IN VEGETABLES. 


|to turn to account. Its escape into the atmosphere entails | 338° F., which in most cases are inadmissible. 


| considerable loss, which it is often possible to diminish or | 


2°. The first boilers would undergo pressures of 8, 5:25, 
$°5 atmospheres, which would entail immense outlay in their 


To utilize steam as a means of heating it must be con-! construction. 


H. Pewwer has lately found appreciable quantities of am- densed, that is, made to return from a state of vapor to that 
monia in various kinds of grain, as well as in beet root. In! of liquid. 
wheat the weight of ammonia is one-tenth as great as that This transformation gives off as much heat as was ab- 
of the ashes. He thinks that magnesia and phosphoric acid | sorbed in the passing from a liquid to a gaseous state. 
enter into vegetables under the form of an ammoniacal mag- Heat can be collected and transferred to a liquid by bring- 
nesian phosphate, which is very soluble in all vegetable , ing steam in contact with the sides of the vessel containing 
acids. He is now studying the effects of ammoniacal ma-| the fluid to be heated. Condensation will occur, and the 
nures, and of nitrogen, under different forms, upon the | heat be transmitted through the sides of the vessel, on condi- 
amount of ammonia in vegetables. —Comptes Rendus. tion that the steam is hotter than the fluid within. 


3°. An apparatus with eight boilers, each working with a 
different temperature and pressure, would be altogether un- 
manageable. - 

In practice we are limited on the one hand by the highest 
temperature to which the liquid can be exposed without risk 
of decomposition, and on the other by the temperature 
it is possible to maintain in the condenser. Between these 
two limits we can employ two, or, at most, three boilers, 


| forming double or triple action apparatus. 
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The problem of the recovery of the latent heat of steam the tubular surface is diminished. We may then expend as| The motive steam will be sent at 194° F. to the first pan 


admits of a much more general solution than the one we 

have just discussed. compression of steam, escaping | 
from a fluid, furnishes a convenient means of raising its 

temperature, and thus conferring on it the my of con. 

densing against the sides of the very vessel which evolved 

it. This solution, dimly seen at different epochs, has not as 
yet made its way in the industrial arts. Our aim is to prove | 
that it yields remarkable results of the greatest importance | 
to manufactures involving evaporation. It enables us, in| 
fact, to evaporate fluids on a large scale, with a very con-| 
siderable saving of fuel, when the mative power n 

for compression has to be supplied by steam, and to do away | 
with it altogether when water power can be employed. | 

The following is the principle on which this solution is 
based: 

When saturated steam is compressed without loss of heat 
the pressure of the steam itself increases, and its tempera- 
ture rises at the same time. We may admit, with an ap- 
proximation sufficient for all practical purposes, that steam 
follows Mariotte’s law and remains constantly saturated. | 
In reality the effect of compression is to slightly overheat | 
the steam, so that its temperature afterward is actually | 
higher than that given in the tables as corresponding to the 
new pressure to which it has been brought. 

When the motive power employed to produce compression | 
is supplied by water, the problem of evaporation of con- | 
siderable quantities of fluid without any expenditure of fuel | 
can be solved in a practical manner. 

The motive power is used to work a steam pump or com- 
pressor, by means of which the steam escaping from *the 
brine to be evaporated is sucked up and compressed, and its 
temperature thus raised; it is then sufficient to bring it in 
contact with the sides of the boiler which generated it in 
order to condense it entirely, as the boiler is still at the tem- 
perature of the liquid contained in it, while the steam has 
assumed a higher one through compression. In this way all 
the latent heat absorbed by the steam while forming is re- 
stored to the brine. 

The steam, when condensed, is in the condition of hot 
water whose specific heat must also be recovered. For this 
purpose the hot distilled water is made to heat by means of 
a worm or heating tube with inverse current the cold brine 
destined to feed the boiler. The specific heat of the distilled 
water is thus restored to the apparatus. 

The following example will, perhaps, make the working 
of the apparatus (Fig. 1) more comprebensible: A represents | 
a tubular boiler—like those used in sugar works to concen- 
trate the juice—while B is the intertubular space. Suppose 
the boiler filled to a proper level with the fluid to be eva 
rated, previously heated to the temperature at which we wish 


| 


nded 


little force as we please, but the less the force ex (| 
r and | 


the r must be the condensing surface of the 
the of cost. 

Whatever may be the temperature of the steam when 
sucked up, it requires the same amount of force to produce, 
in a given quantity, an equal increase of temperature by 
compression, so that the evaporation of a liquid by our system 
can take place at a low re as well as at @ high one. 
In the example chosen above the supposed difference of 
68° F. might have been taken at any point of the ther- 
mometrical scale, as, for instance, between 104° F. and 140° 
F., 176° F. and 212° F., 302° F. and 338° F., ete., without 
opens more motive power in one case than in the other. 

multiple-action apparatus, already examined, have 


/an advantage over the compressed system in avuiding the 


intermedium of all mechanical work, and consequently 
produce a practical result. 

We have seen, however, that their action is limited, and | 
that the quantity of steam taken from the liquid to be | 
evaporated can scarcely, in practice, exceed the double or 


triple weight of the steam condensed in the intertubular| WOuld be 


space of the first bviler. The multiple-action apparatus, | 
utilizing successive falls of temperature, beginning at about | 
212° F.—tbat is, at a pressure approximately equal to that of 

the atmosphere—can be advantageously employed to utilize, 

for evaporation, steam which has already done mechanical 

work in a steam engine. 

But it must be observed that in a great number of manu- 
factures the motive power employed is very unimportant 
compared to the quantities of fluid to be evaporated. We 
will mention, as examples, salt works, chemical and dye 
manufactories, in which much more steam is employed for 
the motive power than is absolutely necessary, under the 
pretext that the waste steam aids the evaporation. 

For all these manufactures, it would be very advantageous 
to utilize, for evaporation, steam at high temperatures and 
pressures; but its direct employment, under these condi- 
tions, presents, both for the preservation of the substance 
treated and for the construction and keeping in repair of the 
evaporating boilers, such inconveniences, that until now it 
has been necessary to abstain from using the higher de- 
grees of the thermometrical scale in multiple-action ap- 
paratus. 

For these manufactures, the system of evaporation by re- 
producing the heat of steam, by means of the compression | 
yielded by it when at high pressure, is clearly marked out. | 
Cougasel to evaporating by an ordinary fire it admits of a 
saving of fuel, amounting, sometimes, to seventy-five per | 


cent. and upwards, or fifty per cent. more than can be claimed | tus for quick and often-repeated analyses of gas. 
Be- | manufactories, where it is important to get as much heat as 


for even the best triple-action evaporating apparatus. 


of atriple-action apparatus, and in this way we shall have 
obtained for each pound of steam taken from the boiler a 
total production o* 6 Ib., namely, three in the compression 
apparatus and thr: : in the triple action. 

e double then the quantity of steam taken from the 
liquid to be evaporated without increasing the consumption 
of fuel; or, in other words, we save fifty per cent. more fuel 
than the best known process now in use. 

As by increasing the transmitting surface we can reduce 
at will the fall of temperature necessary to transmit a giv n 
amount of heat, so in certain cases we can considerab'y 
augment the action of compression. Thus by constructing 
an evaporating machine, driven by a fall of temperature of 
only 50° F., but retaining in other respects the same condi- 
tions as above, the action of compression represents— 


80 
0578 + — = 4°62. 
10 
By adding the action of a triple apparatus the total effect 


7°62. 

It must be observed that in compression machines we can, 
without inconvenience, make the difference between the 
compressed steam and the liquid to be heated as small as 
we please. There are no disturbances in the action to be 
dreaded; and if the condensing surfaces are properly calcu- 
laied, which is a matter of no difficulty, the apparatus works 
as regularly with a small difference of temperature as with 
a great one. The useful effect of these apparatus may, 
therefore, be very considerably increased, though not in- 
definitely; the greater number of solutions requiring a 
higher temperature to produce ebullition than distilled water. 
However this may be, the result given above of 7°62 is not at 
all exaggerated and is easily attainable. 

It has been found in actuai practice that even where hy- 
draulic motive power cannot be obtained the consumption of 
fuel in evaporation may be reduced to one-fourth its present 
amount by the use of ™‘ccard’s apparatus. When we re- 
member that every pcund of coal saved means a decrease of 
nuisance, a prolongation of the life of our national industry, 
and a difficulty in the way of getting up another coal famine, 
we think nothing more need be said to recommend this in- 
vention to a fair and impartial scrutiny.—Chemical Review, 


APPARATUS FOR THE ANALYSIS OF GAS. 


Mr. H. Orsat, of Paris, has invented a portable appara- 
In our 


to cause ebullition—say 176° F., the pressure to which it | sides, it offers the considerable advantage of allowing us, at | possible from the gas used for burning purposes, it is neces- 
will, to carry on all the work of evaporation in a single | sary to determine whether this gas does not contain too 


will be subjected will correspond to this temperature —that 
is, 0°5 atmosphere. 

This steam, after having been sucked up at 176° F., and 
put under a pressure of one atmosphere by means of the pump 
or compressor, C, will be driven into the intertubular 
space, B. Possessing a temperature corresponding to the 
pressure of one atmosphere, that is, 212° F., it will condense 
against the tubes containing the liquid at 176° F., and its 
latent heat, being set free, will in this way be restored to the 
boiling liquid. 

The distilled water forming in the space, B, would flow 
off at about 176° F.; but before doing so it is made to pass 
into the heating tank, 8, where it gives up most of this re- 
maining heat to the cold liquid destined to feed the boiler. 

All the latent heat of the steam being reproduced in the 
intertubular space, B, and the specific heat restoxyed to the 
fluid to be evaporated by means of the heating tank, 8, no 
other loss of caloric occurs than that which results from 
radiation. It is easy to see that this loss may be reduced to 
a minimum by enveloping the apparatus in some bad-con- 
ducting substance and maintaining the surrounding tem- 
perature at a suitable point. 

We have already said that the boiler was to be filled with 
liquid previously heated to boiling point. This heat, having 
been once communicated, the apparatus keeps up its own 
temperature, as the liquid destined to feed it assumes in the 
heating tank, 8, nearly the same temperature as the distilled 
water, which is itself at boiling point. 

The amount of heat sup lied to the apparatus at starting | 
circulates uninterruptedly from the boiler to the compressor, | 
and from the compressor to the boiler, forming continually | 
new steam from the liquid to be evaporated, which shows | 
what at first sight appears a paradox, that a limited amount | 
- heat can serve to evaporate an unlimited -quantity of 

uid. 

Our system must not be confounded with any of the dif- 
ferent methods proposed up to the present time for converting 
motive power directly into heat, which both theory and ex- 
periment have condemned. 

We simply employ motive power to utilize the large 
amount of heat which the steam would carry away if al- 
lowed to escape. 

In compressing the steam, we add but a slight quantity of 
heat borrowed from mechanical work. It is easy to see, by 
comparing the above figures, that the object of compression 
is to restore the 631°42 calorific units to the liquid rather 
than gain the 26 units on each kilogramme of steam operated 
upon, 

The pressure and temperature in the boiler, A, being thus 
maintained at the same point, it is clear that we can always 
have in the intertubular space, B, a fixed pressure of one 
atmosphere. To obtain this we have only to calculate the | 
tubular condensing surface according to the difference of 
temperature we wish to maintain and give the compressor 
a suitable speed. 

To enable the reader to estimate more fully the value of | 
our system, we will give a few particulars about the motive | 
power employed and the evaporating force. 

If we understand by fall of temperaturé the difference be- 





boiler, and does not force us, like the triple-action machine, | great a quantity of carbonic acid. 
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APPARATUS FOR ANALYSIS OF GAS. 


to have several boilers working at different temperatures | portant to know how much oxide of carbon is contained in 


and pressures. 
requires constant attention to keep up in each of the boilers 
the temperature best suited to the transmission of heat across 
its tubular surface. Every excessive variation in the tem- 
perature and pressure in a boiler reacts, necessarily, on the 
following one, and deranges the united action of the ma- 
chine. ; 

The compression apparatus also allows the evaporation to 
go on in as many distinct vessels as the liquid to be treated 
may require. We may, at will, cut off the communication 
of an evaporating vessel with the compressor, and fill, empty, 
or open it without interrupting or influencing the action of 
the others, and, as already observed, cause evaporation at 
any temperature we may desire, without foregoing any of the 
advantages of compression, however low that temperature 


The management of a triple-action machine | 


may be. 


It is easy to combine the advantages peculiar to the com- | 
pression evaporating system with those of multiple action 
(Fig. 2). It suffices for that purpose to employ the fall of 
temperature of the steam going from the pressure of the 
boiler to the pressure adapted to the working of the multiple 
cp 

t us suppose that a boiler produces steam at eight atmo- 
spheres—that is, at 338° F.—and that we have a triple-action 


tween that of the compressed steam in the space, B, and the | apparatus receiving it at 194° F., under a pressure of seven | 


the air which is developed from the material used in our 
factory stoves, because, if a great quantity of this oxide is 
present, it is a proof that the combustibles have been only 
imperfectly utilized. The apparatus of Mr. Orsat serves 
perfectly well for both purposes. 

This apparatus can be easily brought into communication 
with the interior of a chimney, and thus with the gases re- 
sulting from combustion. It has been made use of for an- 
alyzing the gases in the high furnaces, of the Siemens fur- 
naces, of the Martin-Siemens apparatus, etc., and is of the 


| greatest value, being portable, on railroad trains for an- 


alyzing the gases which escape from the furnace of the en- 
gines. In all these cases it has given highly satisfactory 
results, and especially some trials made with it in the North- 
ern Railroad in France (Chemin de Fer du Nord), bave 
added greatly to its reputation. 

Above is a perspective view of the whole apparatus, 
consisting of two parts, which are separated by means of a 
board, A. The frout board and back board are left out in 
the drawing for the purpose of showing the construction of 
the apparatus. In the part at the right hand of our illustra- 
tion, @ represents a bottle serving as aspirator, and being 
half filled with acidulated water; when not used it is kept 
well corked. - 

5 is a graduated measuring tube surrounded by a glass 
cylinder containing cold water; it is connected with the 


liquid to be evaporated in the boiler, A, we find, in accord- 
ance with known physical laws, that the quantity of heat 
given off by the sides of the tubes is proportional: 

1. To the fall of temperature with which we operate. 

2. To the heating surface employed. 

_ Now, the amount of liquid which is evaporated being 
itself proportional to the amount of heat restored to it, it 
follows that it must be proportional both to the fall of tem- 
perature and to the surface of the tubes. 

To produce a given evaporation per hour we may either 
employ a small tubular surface and a great fall of tempera~ 
ture, or a large tubular surface and small fall of temperature; 
but the greater the fall of temperature required the more | 


the steam must be compressed and the greater the power ex- | 
pended. 

Hence the necessary horse power to produce a given | 
evaporation must be increased in the same proportion that 


atmospheres. The steam, in descending from 338° F. to 
| 194° F., will serve to drive a compressor by utilizing the fall 
of temperature of 144° F. 


Our evaporating apparatus being constructed in such a | severa 
| way that its tubular surface will transmit the necessary | with the measuring tube, 6; four of them, which are in the 


quantity of heat with a difference in temperature of 59 
between the liquid to be evaporated and the steam (a differ 


bottle, a, by means of the rubber tube, e. 
d represents a horizontal capillary 
| ventional branches, ove of them formin 


lass tube, which has 
a connection 


left-hand side (1, 2, 3, 4), are closed by means of glass taps. 
e is a glass tap, situated at the extreme left hand of the 


ence greater than that which is found in ordinary triple- | tube, d, and serves to admit the gas for analyzing. 


action apparatus), we shall obtain the following desirable 
result: | 
80 | 
— + 0°578 = 3:1, 
15 


which signifies that for each pound of steam falling from 
338° F. to 194° F., while passing through the motive cylinder, | 
we shall evaporate 3-1 of the liquid to be concentrated. | 


| solution for washing the 
| glass tubes and communicates with the capillary tube, ¢, 


f, the tap of the tubulature, 4, serves to let the gas escape. 
g. g is a U-shaped glass tube, containing the potassium 
gas; the branch, g, ends in two 


while the branch, g', communicates with the atmosphere. 
This U-formed tube serves for the measuring of the quan- 
tity of carbonic acid contained in the gas. 

h, h* isa second U tube, containing pyrogallate of potas- 


sium. The branch, 4 communicates with the tube, d, and 
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the branch, /', is connected by means of an elbow with an 
India-rubber flask which contains air free from oxygen 
This U tube serves for measuring the oxygen 

i, ® is a third U-shaped tube, containing a mixture of am 
monia and saturated hydrochlorate of ammonia. The 
branch, ¢, contains a net of red copper wire, which is coiled 
in form of a cylinder, it communicates with the tube, d, 
also; while the branch, ¢, is connected by an elbow with 
another rubber flask. 7, i serve for measuring the oxide of 
carbon. The rubber flasks, y, j, which are connected with 
the branches, 2' and @, of the U formed tubes, A, A', and 
7, “, are iniicated in our illustration by punctuated lines, 
because they are behind the boards which carry the tubes, 

k, 4?, k*, are glass taps establishing the communication 
between the tubulatures, 1, 2, 3, with the branches, g, /, and 
t, the Utubes. The taps, 7 and /, serve for connecting the 
tubes, A, A*, 2, ®, with the flasks, j, j 

m represents a tube filled with picked cotton; it is con 
nected with the tube, d, by means of a tap, e, and through 
this tube the gas which has to be analyzed streams, the 
cotton retaining the dust and smoke from it. 

n, 0, p, serve for the aspiration of the gas during the 
analysis, and are connected by means of the tap, g, with the 
tube, mm, 

r represents a gas tube, which 1s in direct connection with 
the cotton in the tube, m 

The analysis takes place in the following manner. First, 
the passage for the gas is purified either by inhaling the gas 
through the tubes, ”, 0, p, or the aspirator, a, and afterward 
emitting it into the air through the tap, 7, When the pass- 
age is sufficiently cleaned, and the tap, f, is closed, the gas 
is again inhaled till the pressure in the measuring tube, d, 
indicates somewhat more than a bundred divisions, Then 
the tap, ¢, ‘3 closed, the bottle, a, is placed upon its stand, 
and the tap, f, isslowly opened. The equilibrium of pressure 
is now quickly re-established, and when care has been taken 
that the bottle, a, contains such a quantity of water, that, 
after it has been placed upon the stand, the level of the water 
in it exactly corresponds to the partition 100 of the meas 
uring tube, 4, then exactly 100 divisions of pressure will 
be indicated. 

After this the tap, f, is again closed, the tap, &, is opened, 
and the bottle, a, is slightly lifted up; this permits the 
gas to enter the tube, g, g'. To avpid that the liquid 
rises into the capillary tubes, the rubber tube, ¢, must be 
held in the left hand, and by pressing this tube occasion 
ally the ascension and descension of the liquids can be easily 
regulated. Now thegas is made to re-enter fromthe tube 
g. g,, into the measuring tube, by lowering the aspirator, 
a, and this manipulation is repeated two or three times 
After this has been done, the liquid is made to rise again in 
the tube, g, g, until it reaches exactly the point of zero, 
then the tap, &, is closed, and the remaining gas is mea 
sured. In taking the precaution to lift up the bottle, a, in 
such a manner that the level of the liquids in the measuring 
tube and the aspirator perfectly correspond, the same ope 
ration by which the liquid was made to rise to the zero 
point in the tube, g, g’,.is repeated for the tubes, h, 4’, and 
1, #7, and the diminution of volume in each of these tubes, 
is carefully noted. 

The second part of the apparatus on the right hand in our | 
picture serves for measur ng the quantity of hydrogen and | 
hydro-carburets which may be contained in the residue} 
after the operation in the former part of the apparatus has | 
been finished. 

d’ is the prolongation of the capillary tube, d, and leads} 
to the serpent tube, s. «sis either of platina or of spiral | 
glass containing a platina wire. This serpent tube has to} 
be heated for the operation, by means of a gas flame or 
spirit lamp or by an electric current. ¢ is an admission tap | 
of the capillary tube, d 

u and w' is a U shaped tube filled with water analogous to 
the U shaped tubesin the other portions of the apparatus. 
The branch, vu, communicates with the atmosphere, while 
the branch, wu’, is connected at the lower end with the ser 
pent tube, s. This U tube (u, vu’) serves to receive the gases 
expelled from the measuring tube, }, and to return them 
again to the measuring tubs 

v, v is a second U tube containing a small plate of zinc 
and*diluted sulphuric acid. The branch, 7, is put in com 
munication with the capillary tube, d; by means of a tubu- 
lature, the branch, e, is connected with a rubber flask 
which is indicated in our drawing by punctuated lines. 

As shown in the illustration, all the different apparatus 


are fastened to vertical boards. | 


PHYSICS WITHOUT APPARATUS. 

Ir is not impossible to go through a course of elementary 
optics, also, without the aid of any special apparatus. Ideas 
as to shades and shadows may be obtained from every 
where about us. The principles of the camera obscura may 
be observed at the base of trees in summer, the image of the 
sun being delineated as a circle of light on the ground, after 
the solar rays have traversed the interstices of the leaves. 
Photometry, or the comparison of the intensity of lights 
coming from different sources, may be illustrated quite in 
expensively. Figure 1 represents Rumford’s photometer, 
which is arranged as follows: A sheet of paper is held ina 
vertical position by inserting its edges between the pages of 
two books. A candle, A, forms the cylinder which is to 
project the shadow. If it be desired to compare to luminous 
sources, that of a lamp, C, and a candle, B, the two foci 
are fixed at the same level, and placed at such a distance 
from the paper screen that their shadows, E, F, appear of 
the same intensity. When this has been effected, it will be 
found that the intensity of the lights are in a direct ratio to 
the squares of their distances from the screen. Reflection 
of light is shown by means of a simple mirror; and as for 
refraction, that may be exhibited by several simple experi 
ments, For instance, put a coin in a teacup and place your 
eye in such a position that the coin can barely be seen. 
Now fill the cup with water and the whole of the coin will 
at once become visible. The surface of the water here fur 
nishes a point of transition froma denser to a rarer medium, 
and the direction of the ray is thereby changed in accord- 
ance with a well known law of refraction, The prism com- 
monly used in optical experiments is of solid glass. In lack 
of this, its place may be readily supplied by a simple water 
prism constructed as follows: a strip of window glass is 
scratched with a file and broken into three pieces of equal 
length. These are set up upon another bit of glass pre 
viously warmed and thickly covered with sealing-wax 
When the wax is cooled, and the bits of glass which it holds 
will stand alone, the corners where they meet are also closed 
with sealing-wax. The prism is then filled with water, 
taking care not to moisten the upper edges, and a glass top 
is afterward attached by wax. The glass lenses employed 


by physicists may be easily replaced by a simple round de- 
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Fie. 1.—SIMPLE PHOTOMETER MADE WITH A CANDLE AND SHEET OF PAPER. 


canter or carafe filled with water. If a candle be lighted in 
a dark room and the decanter be placed between it and the 
wall as a screen, the reversed image of the flame will be 
seen projected on the wall by means of this improvised 
converging lens (Fig. 2). A Florence flask makes an excel- 
lent microscope, It is only necessary to fill it with water 
and to cork the neck. A wire wound around the neck, with 
one of its ends placed at the focus of the lens, forms a sup- 
port for the object which it is desired to examine under 4 


Fia. 2.—A CARAFE USED 


magnification of a few diameters. If a fiy, for example, is 
fixed to the end of this simple *‘ clip,” it is seen greatly en- 
larged on looking at it through the flask (Fig. 3). The 
artist has represented at the side of the apparatus, to the 
right of the figure, the enlarged image of the fly as seen by 
means of this improvised lens. It is scarcely necessary to 
say that this portion of the figure is entirely conventional, 
and simply explanatory. Another very simple microscope, 
and one capable of magnifying a still greater number of 
times, may be made by drilling a small hole in the cover of 





Fia. 3.—SIMPLE MICROSCOPE FORMED OF A 
FLORENCE FLASK. 


a pill box and carefully placing therein a drop of Canada 
balsam. 

The collection of rays of heat from the sun by ordinary 
burning glasses, depends on the fact that they are, like those 
of light, refracted or bent out of their course on passing from 
one medium to another. The decanter or carafe, filled with 
water, offers again a substitute for the burning glass. To 
perform the experiment, place the decanter on a table in the 
sun’s rays, and then hold the head of a match in the bright- 


est portion of the rays that have been refracted in traversing 
the water; the match will speedily ignite. A lens made of 
two watch-glasses, filled with water, also makes a good burn- 
ing glass, and may be used for heat as well as light. A lens 
sufficiently powerful to ignite gunpowder may even be 
made of ice. In using any of these simple lenses, it is first 
to be placed near the object to be ignited and then removed 
till the spot of light which it casts i~ round and very small. 
The focus to which all the rays of light converge is thus 





AS A CONVERGING LENS. 


found. The heat focus is a little beyond, but so little that 
the difference need not be taken into account. 

In a former article we have pointed out a few methods of 
experimenting in static electricity, and have shown, especi- 
ally, that a stick of sealing-wax offers a substitute for an 
electrical machine; we shall now see that a thimble may 
serve as the basis of a battery. Louis Figuier, in his ‘‘ Won- 
ders of Science,” tells us that Wollaston, having one evening 
met a friend of his in one of the streets of London, took 
from his pocket a copper thimble, and proceeded to make 

|a microscopic pile of it. To do this he removed the bottom 
of the thimble, and then flattened it with a stone in sucha 
way as to bring the two inner surfaces within about two 
lines of each other. Next he placed between the two copper 
surfaces a small strip of zinc, which he insulated from the 
| copper by means of a little sealing-wax. He placed this 
| small couple, thus prepared, in a small glass cup, which he 
filled with the contents of a vial of water that had been 
acidulated with sulphuric acid, Connecting the strip of 
zine and its copper envelope externally by means of a pla- 
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Fie. 4.—A CHEAP COMPASS. 


tinum wire, he immediately brought the latter to a red heat 
by the electricity generated in the little pile. The platinum 
wire was of exceedingly small dimensions, being only 4 
thirty-thousandth of an inch in diameter, and a thirtieth of 
an inch inlength. By reason of the wire’s exceeding tenuity 
it was found possible not only to bring it to red heat, but 
also to melt it. In this little battery of Wollaston’s, the 
copper enveloped the strip of zinc on every side—in other 
words, the negative element had a much greater surface than 
the positive. A simple experiment mentioned by Sulzer, a 
| German author, is the first recorded phenomenon attribut- 
able to voltaic electricity, and serves very well to illustrate 
the phenomenon. This is as follows: Place a silver or 
copper coin and a piece of zinc one above and the other be- 
low the tongue. When their edges are brought in contact a 
prickly sensation will be felt on the tongue, and, if the eyes 
be closed, a mild flash of light is also seen The saliva, in 
this case, is the fluid exciting a voltaic currcnt, due to its 
chemical effect on the zinc or copper, and the nerves of 
| sense are the electroscope. 
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After that of electricity, the study of magnetism may be | 
entered upon. In Fig. 4 is shown a very simple method of 
constructing a compass. Take a small cork and stick through 
it an ordinary knitting needle (Fig. 4) that has been magnet- 
ized by placing it north and south and rubbing it gently 
(always in the same direction) with one of those small, cheap 
horseshoe magnets such as children play with. In the bot- 
tom of the cork stick a pin or needle, the point of which 
rests in one of the indentations of a thimble. To balance 
the magnetized needle, stick a match diagonally into the op- 
posite sides of the cork, as shown in the figure, and to the 
ends of the two matches affix a ball of wax. ‘Then carefully 
balance the whole affair—needle, cork, balls, etc., as shown 
in the engraving. As it is very important that so sensitive 
an instrument should not be agitated by the air, the appara- 
tus is placed in a common earthen bowl, BDT, and covered 
with aglass, V. To graduate the instrument, a circle is in- 
scribed on a piece of cardboard with a pair of compasses; 
and this is afterwards cut out with a pair of scissors, gradu- 
ated, and fixed under the cork by glue or mucilage. Finally 
a match sharpened at one end is fixed with wax on the 
inside of the bowl, opposite the north pole of the needle. 


WEBER’S DYNAMOMETER FOR THE MEASURING 
OF CURRENTS OF GREAT INTENSITY. 

Tue exigencies for electric technology are not the same 
as those for scientific researches. The industrial man and 
the constructor need simple and strong electrical measur- 
ing apparatus, which can be easily managed and which 
are of a sufficient sensitiveness and exactitude without re- 
quiring all those precautions which are necessitated by 
using fine scientific instruments. Another valuable property, 
which such apparatus should possess, is a construction in 
which a certain proportionality between the indications of | 
the instrument itself and the force te be measured has been 
established. Thus an equal exactitude for all the different 
degrees will be furnished, at the same time the calculations 
being facilitated and a quick repetition of the experiments 
being permitted. 

Weber’s dynamometer, modified by Siemens and Halske, 
possesses the above-named valuable properties, and is, 
therefore, well adapted for the measuring of currents 
of great intensity. The apparatus, which is illustrated 
below, has two wire coils, an interior one, which is 
fixed, and an exterior one formed by a frame having only 
one winding, and being vertical and movable. This con- 
struction renders the instrument nearly independent from 
the influence of the terrestrial magnetism, The reciprocal 
action of the bobbins is proportional to the product of the 
number of wire windings around each of them. 

For a given current, the same action will be produced by 
placing ten windings around the movable bobbin and ten 
around the stationary one, or in putting a hundred around 
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WEBER'S DYNAMOMETER. 


the stationary bobbin and only one around the movable. 
In the second case the action of the terrestrial magnetism 
will perfectly disappear. It is, therefore, not necessary to be 
careful in placing the apparatus so as to observe the direc- 
tion of the earth magnetism, while all the electric measur- 
ing instruments, with the exception of the galvanometer of 
Marcel Deprez, require this precaution 

The movable ring is brought into the circuit by means of 
two connection holes filled with mercury. The stationary 
bobbin is double. One of the circuits, formed by a small 
number of windings of thick wire, serves for the measuring 
of continuous currents; while asecond one, which has greater 
number of windings of finer wire, is used in measuring in- 
terrupted currents of greater tension and less intensity. 

The current tries to deviate the movable ring, and its ac- 
tion is counterbalanced by a spiral, the one end of which is 
connected with this movable ring, while the other one is 
placed into a socket to which a hand is applied, and which, 
in moving, indicates the degrees upon a graduated circle. 
The torsion of the spiral is proportional to the square of the 
current, and its value in ‘‘ webers” corresponding to each 
degree of the deviation can be obtained by means of a spe- 
cial table. 

The graduated frame permits the reading of the de- 
grees of intensity with a certain exactitude, because the de- 
grees embrace a complete circle of 360° instead of the 90 
of the ordinary galvanometer. 

The whole apparatus is simple and convenient, and is of 
great service for the use in electric technology. 


| only the shells and the hard parts. 
| great defect, but the paleontologists are modest and rejoice 


EXPERIMENT WITH GLASS TUBES. 


1 HAVE just been repeating a very beautiful experiment of 
Prof. Quincke’s which he showed me some weeks ago in 
his laboratory at Heidelberg. The experiment was, | be- 
lieve, described in Poggendorf’ about two years ago, but I 
have not seen it noticed in English papers, and a few words 
about it may interest your readers. 

Prof. Quincke, with a view to test the porosity of glass 
for gases, sealed up tubes in which hydrogen and carbonic 
acid were generated in great quantity, aad weighed them 
from time to time. Up to the present time, as I learned 
from him, no loss of weight has been detected. He obtain 

, however, a very curious result. As Ido not know pre 
cisely how Prof. Guincke filled his tubes. let me describe 
what I did myself three weeks ago, remarking that I have 
done nothing but attempt to repeat what he showed me in 
Heidelberg. 





I took a glass tube, A B, about 5 inches long and *{ inch 
in external diameter, with good stout walls. I closed the 
end, A, and let the glass fall in at C, keeping it still very 
strong, and annealing very ¢arefully at A and C. I intro- 
ance some sulphuric acid into the part, C A, carefully 
keeping the neck, C, dry, and dropped into the part, B C, 
some fragments of marble, previously washed, in >rder that 
no little particles should tumble down through the neck, C, 
and commence effervescing before I was ready. I then 
drew out the tube at B. making a small hook, by which the 
tube can be suspended if necessary, closed it very strongly, 
and annealed the extremity carefully, wrapped the tube in 
cotton wool, and inverted it. The sulphuric acid attacked 
the marble, and carbonic acid was given off no doubt in 
great quantity. 

For the first few days there was nothing particular to be 
noticed. The tube was filled with a bubbling mass of liquid 
and white mud. Latterly, however, it-has begun to show 
the phenomena which Prof. Quincke observed. The liquid 
now no longer wets the glass as it did at first, but creeps 
away from it, giving very much the appearance of the ‘‘ tears 
of sirong wine.” Day by day this is getting more marked, 
and I expect that soon, as was the case in the Heidelberg 
tubes, the acid will roll about in the tube like so much quick- 
silver. Meantime it is most interesting to watch. 

I believe Prof. Quincke considers that a thick layer of gas 
is condensed over the surface of the glass, and that it is this 
which gives rise to the very peculiar capillary phenomena 
that present themselves. 

I feel bound to remark that the experiment is. one that 


ought not to be attempted without great care and caution.— | 


J. T. Bottomley, in Nature. 
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THE PRESENT CONDITION AND THE FUTURE 
TASK OF MODERN PALEONTOLOGY. 


By Caru Voor, Professor of Paleontology, Geneva, 
Switzerland. 


WE may well say that no science exists which tries the 
faculty of combination and the imagination of the investi- 
gator so much as this branch of paleontology, which builds 
up its conclusions upon the results gained by comparing, in 
the most exact manner, the fossil remains among them- 
selves as well as with corresponding parts of living or- 
ganisms. 

While to him who gives way too much to the play of bis 


| fancy the fate of Icarus almost with certainty may be pre- 
dicted, there exists also for the most cautious the danger of 


suffering shipwreck by running against one of the many 
cliffs which obstruct the way. 

The insufficiency of paleontological material, as Darwin 
says, is no vain excuse, but a calamity which is only too 
great. All those remains which are preserved to us in the 
deposits formed in olden times are remains in which the in- 
testines and the soft parts are wanting. Of the vertebrates 
only the skeletons are preserved, and of the invertebrates 
This alone is already a 


over the discovery of a complete skeleton just as much as 
if the whole animal with flesh and blood was before them, 
yet mostly only single parts of skeletons are preserved. Not 
long since I have tried to ascertain for another purpose the 
number of those lizards and crocodiles of the feet of which 
we bave an exact knowledge. There are only a few, and 
they form an exceedingly small percent. in comparison with 
those the jaws and teeth of which we know. Of an extra- 
ordinarily great number of mammals we likewise know 
only the teeth or the jaws, or perhaps some bones of the 
tarsus, from which the relation with similar types and the 
»robable structure of the whole animal have to be concluded. 

he same is the case with all other classes of animals; there 
are only a few types, as for exatple, the sea urchins and 
the stone lilies, of which the parts preserved in the petrifac- 
tion are, at the same time, those which throw a sufficient 
light upon the whole organization. As regards direct com- 
parisons and the faculty of drawing conclusions from them, 
Cuvier and Owen have remained undisputed masters of the 
field. Upon their shoulders rests the whole building which 
their successors try to construct; their writings and trea- 
tises have always to be referred to anew, as soon as the ac 
tual relation and connection between the single types in a 
narrow circle are to be considered. 

I say explicitly, if the relations in a narrow circle are to be 
considered. It was Cuvier who first established the so- 
called ‘‘law of correlation,” according to which each or- 
ganism must have a certain harmony between its single 
forms without which it cannot exist. From the whole man 
ner in which Cuvier speaks of the proofs of this law, it can 
easily be seen that for him each species was only the ex 
pression of a stage in the general pre-established plan of 
creation, which was said to have been from the commence- 


| ment devised by the Creator with marvelous ingenuity and 
careful weighing of all the causes and effects. An an:mal 
with flat hoofs could, according to this law of correlation 
which was derived essentially from the living forms of crea- 
tion, have no sharp corner teeth; an animal which is fur- 
nished with long horns had necessarily to be a ruminant, 
etc. Within certain limits, the application of this law 
proved to be extraordinarily fruitful; the pachydermata, the 
) animals furnished with a trunk, the rhinoceroses and similar 
types of the older tertiary formations, bave a construction 
which is in strict accordance with that law, so that Cuvier, 
from « single bone of the heel and a few back teeth, was 
able to indicate to what family the animal belonged, and to 
restore its probable form. But already, in applying this 
law to some farther removed groups of mammals, defects 
were discovered which well deserve to be considered; many 
of the apparently most justified conclusions proved to be 
insufficient or even perfectly erroneous. as soon as parts of 
the animals were found which had hitherto been unknown. 
To-day, where the investigations have been farther ex- 
tended, this law leaves us nearly altogether in the lurch, as 
soon as we try to apply it to more distant types, or to such 
as are, so to speak, outside of the known. bus, the horn- 
bearing dinocerates of the tertiary strata of North America 
are no ruminants, and are even furnished with sharp long 
corner teeth; thus, 1 have proved, not long ago, that the 
structure of the front extremities of the archeopteryx, 
which bear such beautifully develuped feathers and which 
compose a true bird's wing, nevertheless, could not be 
guessed according to the law of correlation, and that Owen, 
in the restoration of these extremities, whieh were only 
known to him by a few fragments, had necessarily to make 
a mistake, although he, from the fact that the archzopteryx 
had legs and feathers like a bird, drew the perfectly logical 
conclusion that the skeleton of the wing of this animal 
should be constructed analogous to the wing of a bird, *‘ If 
Cuvier,” says Prof. Marsh, perfectly correctly, in a treatise 
| which I just received when this paper was in print, ** would 
| have seen the disconnected fragments of « tillodont of the 
| eocene period. he would have attributed the back teeth to a 
| pachydermatous animal, the incisors to a gnawing animal, 
| and the nails on the claws to a carnivorous animal.” 

The explanation of these deviations and contradictions 18 
found easily enough, if we take for the basis of our views 
the theory of descent which was introduced into science by 
Darwin. Each organism appears, according to this theory, 
as the result of two agencies which frequently contend with 
each other: on the one side inheritance, on the other side 
adaptation. The inherited qualities are the properties of the 
family; those acquired by adaptation are the -personal pro- 
perty of the individual, which again by inheritance become 
a property of the family. Thus by the influence of exterior 
| media, with which the adaptation has to comply, qualities 

are grafted one upon another which, by continued adapta- 
tion, became more and more striking, and are very often in 
direct contradiction with originally inherited properties. 
| The rudimentary organs in general, which play suck an im- 
portant role in the different organisms, are a proof for this 
suppression of the primitively inherited qualities, by those 
| which were acquired by continued adaptation. In view of 
|this fact, that combinations may be and are very often 
| formed in this manner, the law of correlation cannot be al- 
ways applied. Every day there are found types of petrified 
animals and plants, which do not fit into the combinations 
which are presented to us by modern creation, and which 
will seem abnormal or at least curious to us, until we have 
found the means and ways by which they have been origi- 
nated. 
| If the assertion is correct that all organisms are the result 
of inheritance and adaptation, we must necessarily arrive at 
the conclusion that all organisms, whether living at pre- 
sent or whether they have lived previously, are direct de- 
\scendants of ancestors which existed before them on our 
globe. Petrified plants and animals which we find in a cer- 
tain stratum, must have had forefathers which will be found 
in the older strata, provided that their preservation was 
at all possible; they may have had descendants, which 
will then be found in the younger strata, but they may also 
have perished without successors. This cognition forms, 
we may well say, the pole of our present paleontological in- 
vestigations, in as far as they have freed themselves from 
the geological guidance which has characterized them bere 
tofore. We try to recognize what relations the petrified 
species bear to other petrifactions and to beings now living; 
but, knowing well that the question is of material and direct 
descent, we try before all to find out whether these species 
can be brought into genetic relation with beings which lived 
in earlier or later periods of the history of our earth, 
| Haeckel, who has very often obscured the merits of his 
scientific works by his untimely constructed air castles, 
which are an imitation of the old natural philosophy and 
have no substantial basis, has at least been often very fortu- 
nate in the manufacture of names. The investigation of the 
relation by descent or of the phylogeny forms at present 
the basis of most paleontological studies. 

It is evident from the nature of the subject alone, that the 
experimental proof for the descent of one fossil being from 
another, can never be established. Here conclusions, founded 
upon homology, will be always necessary in order to link 
the single types together, and those who cannot befriend 
ematve with the theory of descent, will always have ob- 
jections to chains formed in this manner. It is impossible 
to prove to any ove that horse atid donkey, dog and wolf, 
are descendants from the same family of ancestors, may the 
similarity of the skeletons be ever so great, and may the inter- 
mediate forms between the two extreme representatives of 
the family be ever so numercus. But the more distant 
the two links which bave to be connected are in the 
phylogenetic chain, and the fewer intermediate forms are 
known by which this distance could be lessened, the 
stronger also will be the objections which may be made 
and the more right the critics will have for requesting 
that the intermediate spaces should not be overleaped by 
means of springing s with a heedless indifference as to 
the consequences of alighting upon the wrong ground. 

I may be permitted, in explanation of these words, to 
mention briefly a few examples which have already often 
been discussed, Cuvier bad proved that amongst the so- 
called pachydermata which lived in the country which sur- 
rounds Paris at the time when the gypsum layers of the Mont- 
martre were deposited, there existed a species whicb, by the 
structure of its feet, were more nearly related to the tapir 
than others. He showed that in the paleotherium and 
similar species, the toes of the foot were grouped around 
a greater middle toe, which gave to the foot its peculiar 
character. Other species, on the contrary, as the anoplo- 
therium and its relatives, had not this prominent middle 

tee, but showed a tendency to a symmetrical splitting of 
\the foot, so that, as in the hog, two toes are on the one 
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and two are on the other side, while the fifth toe 1s mostly 
left out. While Cuvier did not attribute any great im 
portance to this structure of the foot, and still brings all 
the hoofed animals together with the elephants, under the 
head of hydermaia, his successors gave it more weight, 
and divided the hoofed avimals into those which bave an 
odd number of toes (perissodactyls), to which belong rhino- 
ceroses and tapirs, and those which have an even number of 
toes (artiodactyls), such as the hippopotami and hogs. But 
by continued paleontological investigations it soon became 
ches that in certain groups of these two orders there existed 
@ general tendency to simplify the structure of the foot by 
diminishing the number of the toes and combining the cor- 
responding bones of the legs; and the farther the researches 
were extended, the more intermediate forms were dis- 
covered, which were actual proofs of the different stages of 
this simplification. Thus it became evident that our single- 
toed horse of to-day was preceded by other forms in which, 
although only one toe touched the ground, there existed two 
side toes which ended in after claws; these were preceded 
again by others with three complete toes, and these again 
by others with four and five toes, the middle toe being only 
slightly prominent. It is due to the grand researches of the 
North Americans, among which especially Marsh, Cope, 
and Leidy deserve to be mentioned, that we at present know 
a complete series of types which, commencing from the 
oldest tertiary period, follow in the most natural manner one 
upon another, and finally reach our horse, illustrating the 
graduai development, not only by the formation of the feet, 
but also by that of the teeth and of the structure of the 
whole cheleten. Similar series are represented by the artio- 
dactyls, wherein those groups which —_— correctly 
names ‘‘ ruminating hogs,” the reduction of the feet and 
teeth takes place, going out from animals with four-toed 
feet and a full number of teeth, and finally reaching those 
in which only two toes touch the ground and the number 
of teeth is considerably lessened. It is true that these series 
which end with the ruminants are not so complete as those 
which end with the horses; but although among the 
pachydermata of the older tertiary period we are not able 
to indicate with certainty the ancestors of the camel, the 
musk ox, and the antelope, nevertheless, their descent in 
general, and their gradual development, cannot be doubted, 

Thus we have in each of these classes one or more derived 
series which have developed in a certain direction, while 
other groups coming from the same types do not show such 
development. Horses and ruminants display, if | may use 
this expression, a special tendency toward the greatest pos- 
sible celerity in running, while rhinoceroses, tapirs, and 
hogs, which belong to the same locality, have changed but 





little, and bear the same characteristics to-day which were | 


proper to them in the oldest tertiary strata. Many groups 
seem to have no connection whatever; it may be because 
their origin evidently does not reach beyond the tertiary 
period, and because no traces of mammals have as yet been 
discovered in the immediately preceding cretaceous period, 
or possibly it may be because those strata in which the 
transition types might be found have not yet been suffi- 
ciently scrutinized. 

Thus the carnivorous animals, the gnawing avimals, and 
the bats appear to us as beings without ancestors, because 
that their predecessors must have lived in the cretaceous 
period; thus we do not yet know whether the ancestors of 
the rhinoceroses and hippopotami, which first can be recog- 
nized in the middle and upper tertiary strata, have already 
been found, or whether they are among those mammals 
which were discovered in the older tertiary stones; if the lat- 
ter, then we are at a loss to knew from which of those mam- 
mals they have descended. 

We could still mention a great number of incomplete 
series, but one example more will suffice to show the measure 
of the probability which here is the question. We may say 
with certainty, that the now living toothless birds must have 
descended from tooth-bearing reptiles, and moreover from 
the lizard-like reptiles; we can make this assertion, because 
there have been discovered tooth-bearing birds from the cre- 
taceous period, feathered and winged reptiles from the Ju- 
rassic period, and reptiles walking on two bird legs from the 
still older strata of the red sandstone; but these beings are 
only single land marks upon a long road the windings of 
which are still hidden from our sight. Very often these 
|.nd marks are wanting altogether. Nobody can indicate 
the types from which the sea dragons, the ichthyosauri, the 
plesiosauri, the flying lizards (pterodactyls), etc., may 
have developed, and just as iittle can we attribute to them 
successors which may have descended from them. Or was 
this ever the case? . 

From these examples alone it is plain that it would be 
perfectly wrong to extend the results which were found to 
be true for one group to other groups, and to make the as- 
sertion that all types have developed in the same manner, 
There are forms which break but do not bend; which do not 
adapt themselves to any change of the conditions of life, 
and if any such change occurs, perish ; there are others, on the 
contrary, which have an unusually great power of adapta- 
tion, and in consequence of it, change continually as if in a 
kaleidoscope. The time within which these changes occur 
is also very different; while certain types endure very long, 
and then undergo an apparently sudden transformation, we 
see in others a very quick succession of changes, and in still 
others, the development toward certain aims which takes 
place slowly and in scarcely discernible stages. The one 
first shape their form after’migrations, or in consequence of 
the seclusion of their habitations: for example, upon islands 
which are torn off from the continent; while others take the 
most various forms within limited habitations and short in- 
tervals, which are indicated in the superimposed strata. The 
most striking instance of such variations which have taken 

lace withiu a limited locality and in a short space of time, 

ilgendorf has shown in regard to a small snail (Paludina 
multiformis) found in the fresh water basin of Steinheim in 
Suavia. To bring all these forms of appearance into con- 
sonance, on the one side, with the physical transformations 
of the surface of our globe, and with the changes of the cli- 
mate which geology explains to us, and, on the other side, 
with the interior conditions which are the result of the or- 
ganization of the living beings themselves, this is the giant 
task of modern paleontology, the accomplishment of which 
is again hampered by the incompleteness of the documents 
and the insufliciency of the petrified remains. 

It is true that the studies concerning the historical de- 
velopment of the types are greatly aided by the knowledge 
of the individual development, or more correctly of the spe- 
cies development, of the now living organisms, or to use an 
expression of Haeckel, phylogeny goes hand in hand with 
ontogeny. Although already the anonymous work of an 
Englishman (‘‘ Vestiges of the Natural History of Crea- 
tion’), which I translated thirty years ago under the title 


‘* Natiirliche Geschichte der Schipfung,” hinted of these re- 





| lations, which the English author chiefly derived from the 
| investigations which y oem had made regarding the fossil 
| fishes, and which I had made eee the now living 
| fishes, we must, nevertheless, acknowledge that Dx Fritz 
| Muller, in Desterro (Brazil), was the first to put in distinct 
| words the law, that each organism, since it began to develop 
|from the egg, has to go through a certain series of phases 
which are similar to those epochs in the history of the earth 
through which each genus has to pass since its first appear- 
ance. This assertion is perfectly correct as soon as we lay 
the weight upon the single organs and not upon the whole 
organization. But as soon as we limit ourselves in this 
manner, ontogeny bas such an extraordinary value for pa- 
leontology that we may boldly proclaim it to be the most 
cnvential aid for this science, especially when the higher 
types are concerned. We may well say that that investi- 
gator who wants successfully to devote himself to the 
studies regarding the genealogical history of the vertebrata 
and articulata must necessarily be a well informed embryo- 
logist. Only a few years since such an assertion would have 
been ridiculed; to day it is self evident, and this fact alone 
proves what an enormous transformation this science has 
undergone. 

I will demonstrate by an example why I have empha- 
sized the restriction of analogous phases, and the limitation 
to single organs. All fishes have gills during the whole 
period of their life; the amphibia only so long as they exist 
as larve; in matured reptiles, birds, and mammals, we see 
not a trace of them; but all these higher vertebrates, as long 
as they are in the state of embryo, possess the arches of the 
gill which they later lose or transform before they are de- 
veloped. We have, therefore, a gradual series of develop- 
ment in the embryos of those vertebrates which are first 
gilless and then possess gills, which corresponds also to those 
stages which we recognize in the perfectly developed ani- 
mals. But these stages can also be shown in paleontology 
and in the history of the earth. The oldest vertebrates are 
only gilless fishes; then follow gill-bearing amphibia, and 
finally the gilless higher vertebrates. The organ of the 
embryo of the further developed animals has, therefore, to 
pass through transformations which are analogous to those 
of the vertebrate type in general. The same may be said of 
the skeleton, and, in short, of all organs which have come 
to us in a petrified state. We must, therefore, assume that 
this law holds good for those organs also which paleonto- 
logy is unable to examine. 

Does it now follow from this that the organism as a whole, 
i. e., the unity which is composed by the different organs, 
has to pass through analogous changes? 

Not at all! 

The struggle for existence imposes upon the developed 
animals other conditions than upon the embryos which are 
still inclosed in the egg. A)though each single organ will 

| be developed according to the same laws, there will, never- 
theless, exist a world-wide difference between their relative 
| development and the development of their combinations. 
The developed animal which Is furnished with gills has to 
nourish and propagate itself, and for this purpose it must 


have perfectly developed sexual organs, healthy organs of | 


| sense, a nervous system which is able to receive the impres- 
| sion of the senses, and a protecting organization of the skin; 
in short, it must have those organs which are necessary to 
| the struggle for existence, if it is to survive with its gills. 
| The embryo, on the contrary, receives neither nourishment 
| nor impressions of the senses from without; it is, therefore, 
not capable of propagating itself; the intestines and the or- 
| gansconnected with them, the nervous system and the organs 
| of sense, the skeleton, the muscles, and the skin, will only 
| be in their principles, and in any case will not yet be able to 
enter into their functions, although the arches and fissures 
| of the gill are already present. A gill bearing embryo re- 
| sembles as regards this part of its formation, a fish, but it 
| is no fish, and will never be one. Thus the embryo of a 
| bird has a foot which, by the arrangement of its single pro- 
| visory cartilaginous parts, resembles a reptile foot, and, at 
| the same time, proves that the bird foot has been developed 
| from the reptile foot; but, nevertheless, it is no reptile foot; 
| for as long as it remains in this state, the foot cannot be 
used, and the bird embryo itself is in a state in which it can- 
not use it. By these dislocations of the development in 
| grown avimals also, very curious combinations are formed; 
only to mention one specimen, the fishes with lungs (dipnoi), 
to which the remarkable genus ‘‘ ceratodus ” belongs, which, 
since the triassic period, lives in Australia, have a skeleton 
like an embryo, with cartilaginous undivided vertebral 
column and cartilaginous skull, while by the simultaneous 
breathing through lungs and gills, they are nearly related to 
the fish salamanders. 
| Therefore, we must acknowledge that besides the general 
| law of the development of the organs, which have an equal 
| value for phylogeny and ontogeny, there exist for each 
type special directions toward which the special organs and 
their compositions unfold, and that just these special direc- 
tions, by the accumulation of the characteristics they have 
gained, have become hereditary tendencies which put their 
stamp upon the organism asawhole. The misinterpretation 
| of facts so important is just what has in recent times led to 
|so many aberrations of an extravagant fancy, and it is the 
|task of modern paleontology, by exact analysis and criti- 
| cism, based upon facts, to discriminate what belongs to the 
one and what to the other direction. 

In connection with these studies, there exists one field 
which now appears for the first time as a field of labor for 
puleontology, where the investigations regarding the migra- 
tions of the organisms which lived in former times meet 
with those researches which concern their genealogical de- 
| scent, and where is prepared, at the same time, a solution of 

the final questions which science will be able to answer. 

I may be permitted to explain this somewhat mystically 
sounding sentence by coming back once more upon the 
phylogeny of the horse, of which I have already spoken 
above. 

The series is, as I have already said, complete in America. 

| In the deepest tertiary strata of that continent there is found 

an animal called cohippus, scarcely larger than a fox, with 
four complete toes on the front and hind legs, the rudiments 
| of a fifth toe, and with teeth which already indicate the 
character of the horse. It is followed in the eocene strata 
by the orchippus, on the front feet of which the fifth toe has 





| 





leg has ovly three toes. It is followed inthe miocene by a 
further stage, viz., by the mesohippus, in which the fourth 
front toe is very much shortened. Thus far America alone 
| has the oldest stages, and we still look on our continent for 
pee pas ancestors among those beings which are 
related to the paleotherium without being able to denote 
them with certainty, because of most of the species we 
know only the teeth, but not the feet. But here the aspect 
changes. In the middle miocene there exists in America the 





disappeared, while the fourth toe is shortened, and the hind | 


miohippus, in Europe the anchitherium. Both have three 
complete toes on each foot; the thick middle toe being pre. 
dominant, and on the front foot there exists the rudiments 
of a fourth little toe. In those layers which are near the 
boundary of the miocene and pliocene strata there live in 
America the protohippus, in Europe the hipparion, both 
species distinguished by three toes on each foot, but of 
which only the middle one touches the ground while the 
others remain in the air. Then follows in the pliocene of 
America the pliobippus, in which both of these pseudo toes 
have no longer hoofs; and finally, in the diluvial strata of 
both continents, the modern species eguus, in which these 
oy have become small, insignificant appendixes of the mid- 

e toe. 

Therefore, since the middle tertiary period the series con 
tinue without interruption in both continents. In America 
the whole series became extinct in the diluvial strata, while 
in Europe it flourishes still to-day, and orie of its species, the 
domestic horse, has, through man, become, again expanded 
all over the globe. 

But that is a question of lesser importance. Thechief ques- 
tion is, what shall we think of the two parallel series of the 
existence of which we have proof since the miocene period? 
They have been, in any case, independent of each other 
since the miocene; hipparion is as truly a descendant of an- 
chitherium, as protohippus of miohippus, and the diluvial 
horse of the old cotitinent can, with the same certainty, be 
derived from hipparion as the American diluvial horse from 
protohippus. Both series, therefore, here and across the 
Atlantic meet in the same genus equus. The species are 
different; the crooked toothed diluvial horse of America 
(Zquus curvidens) is different from the European, but it be- 
longs to the same genus equus, and is less different from the 
other European species than miohippus from anchitherium 
or protohippus from hipparion. 

he simple consideration of these series tenches us, there- 
fore, that equal species can be developed from different ori- 
gin. 

If we were not to acknowledge this conclusion we would 
be obliged to suppose that continual migrations have taken 
place between the two continents, which supposition, for 
other reasons, evidently cannot be accepted. 

Thus in this field the question forces itself upon us, What 
is the origin and the root from which the different organ- 
isms have been developed? 

Haeckel has, as it is well known, maintained with extreme 
consistency that each genus can be derived from a single 
primitive type; the genealogical trees of his whole mono- 
phyletic system are based upon the supposition that always 
one primitive worm, one primitive vertebrate, etc., has been 
developed from lower forms, that its successors had special- 
ized themselves more and more until they became primitive 
fishes, — amphibia, or primitive reptiles, and that 
each of these primitive types has diverged into other forms 
of development. For the reason, now, that such a primitive 
animal can only have been produced once in one locality, 
we would Jogically have to assume that their descendants, 
continuing in their specialization and splitting up into dif- 
ferent species, have diffused themselves over the earth by 
migrations. 

We may say that science has at present already done 
away with this monophyletic or monochthonic view in its 
exclusiveness, and that we have only then a right to assume 
the origin of a type from one single root and in one single 
locality, when this actually has been proved. In an essay re- 
— the animal world and its modifications in the Alpine 
akes, Jehring says: ‘‘From the oldest types which lead 
backward to the gastrea, Haeckel derives all the higher 
types, supposing again for each larger group of the system 
one single species from which it has sprung. And just as 
in this case, each type and class, etc., is said to have been 
derived from only one original form; thus, Darwin, Weis- 
mann, and others, maintain that each species has been pro- 
duced but once, and in one locality. This theory, at least 
as far as regards the origin of species, has been rendered un- 
tenable by the result of the above mentioned investigations. 
Pisidium foreli (a small fresh water shell), which is found 
| in the depth of the Lake of Constance as well as in the Lake 
| of Geneva, has developed perfectly independently in each of 
| these lakes, from Pisidium nitidum (one of the species which 
| live on the shore). Yes, even more. There is not the 
| slightest reason for the assumption that, in each of these 
‘lakes, the formation of the whole animal world of the depths 
has taken place simultaneously and only at one time; nay, 

this process of transformation may, and perhaps often will, 
jtake place every time that a fructified and impregnated 
pisidium happens to come into the depths.” 

But what holds true for the species must also hold good 
for the larger groups. I have above mentioned the series 
of horses. Marsh has proved that the toothed birds of the 
cretaceous period, from which our modern birds have de- 
scended, show a much greater dissimilarity between them- 
selves than our whole modern world of birds show. I have 
already, long ago, drawn attention to the fact that types 
which are originally very distant from each other are 
brought nearer together by parasitism. Therefore more 
and more the persuasion will be gained that, besides the 
splitting up into derived forms, which almost alone occu- 
pied the attention of Darwin and his successors, there exists 
also a convergency and an assimilation of the forms which 
have sprung from different roots, and which approach each 
other more and more till they at present seem to us to be 
uniform. To throw light upon these variations, which are 
very troublesome for the speculative and lifeless systema- 
tizing, is one of the chief tasks of paleontology. 

Finally, we have yet to mention an application of the 
facts thus obtained. The modern creation with its enor- 
mous variety of forms cannot be understood unless we call 
| to our assistance the history of their ancestors; but just as 
|little is it possible to comprehend the distribution of the 
floras and faunas, the combination of these forms and their 
geographical distribution, if we neglect their relations to 
their ancestors and their migrations. Wallace, in his splen- 
did work regarding the geographical distribution of ani- 
mals, and Saporta, in his book about the plants before the 
appearance of man, which has recently appeared, have 
opened in this regard wide fields of view which will un- 
doubtedly be an incitement for further investigations. The 
genealogical history of the now living animals, on the one 
side, and the previous distribution of land and water on the 
other side, give us here solutions of problems and explana- 
ations of facts, which we would look for in vain elsewhere. 
If we see that in Australia, for example, with the excep- 
tion of some mice and bats, which may have been brought 
there by chance, there live only animals which belong to the 
lowest form of the mammals and also to the oldest, because 
we can trace them back to the triassic period, then we may 
assume with full certainty that Australia, already, before 
the development of the placental mammals, ¢. ¢., since the 
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cretaceous period, if not even earlier, was se from 
all other continents by stretches of the sea which offered for 
the diffusion of mammals an insupportable obstruction. 
Thus we will be obliged by similar conditions to assume, as 
I have proved not long since, that Madagascar, at least since 
the commencement of the middle tertiary period, ¢. ¢., since 
the miocene period, has been separated from the continent. 
while on the other side, the same facts will show that Eng- 
land bas not been separated from the continent hefore the 
youngest tertiary period, and that at the same time the 
strait of Gibraltar was formed. 

I hope that I have proved to my readers in the above lines, 
that paleontology has become an independent branch of 
science, in which not only all biological sciences but also 
all zvological researches converge. Zoology with its special 
doctrines, such as comparative anatomy and embryology, 
botany with its single branches, and all the mineralogi- 
cal sciences have here not only numerous points of 
connection, but receive in return as much light asthey give. 
As yet, even in the great universities and in the different in- 
stitutions of education, paleontology has been treated as 
only a subordinate branch of geology. Our time demands 
imperatively that this science is placed upon its own feet, 
and that it is taught and studied for its own sake, and we 
may boldly assert that this demand will within a short time 
be complied with, may the opposition be ever so great. 


THE TRANSPARENT FISH. 


Tue curious fish represented in the accompanying engrav- 
ing belongs to the genus Ambassis, and scientifically is 
known as Ambassis ranga, Cuv. and Val. The fishes of 
this genus, which are all of small size, are included in the 
group Apogonina, of the family of perches, and are found in 
fresh and brackish waters, and in the seas of the Indian 
region, North Australia, and Dalmatia. 

he transparent fish (A. ranga) is a beautiful little fish 
about half an inch Jong. It is rhomboidal in form, the short 
body very much compressed laterally, and covered with 
scales. he two back fins are united, the first indented on 
the edge, and the second containing one prickle and twelve 
soft rays, with fifteen soft rays behind the vent. The head 
is oval and small; andthe small mouth, when shut, descends 








obliquely. Its coloris of a bright green, with a silvery 
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gloss. The whole body, except the silvered gill covers, is| 
so diaphanous that the muscles, the backbone, the five | 
ribs on each side of the backbone, a silver stripe accom- | 
panying the latter, and the silvery membrane lining the| 
cavity or the abdomen, may all be clearly seen. The up-| 
per parts are dotted with black. This species is found in| 
all parts of the Ganges provinces. . 
The fishes of this genus are of little economic value, | 
although in many places they are abundant, and used in| 
considerable quantities; but as food they are insipid and 
filled with small bones, for which defects, unfortunately, 
they do not possess sufficient size to compensate. The 
bodies of ail the species are more or less diaphanous and 
much compressed, the sides being nearly perpendicular. 


THE SPANISH MACKEREL AND ITS ARTIFICIAL | M 


PROPAGATION,* 


Tue fish to be noticed in this paper is a member of the 
family Scombridea, described by Mitchill as the Cybium 
maculatum. Its general appearance is much like that of the 
common mackerel, Scomber scombrus, though it is consider- 
ably larger. Its color is greenish above, blending into ashen 
gray. Its sides and ali beneath are lustrous white, while 
about twenty yellowish round spots, a quarter of an inch in 
diameter, are irregularly distributed along the sides. Its 
eyes are large; its mouth is also large and armed with acute 
and slightly conical teeth, which, however, are wanting in 
front. Its length is seventeen to twenty inches. De Kay, 
while describing it as Cydium maculatum, calls it the ‘‘spot- 
ted cybium,” and applies the name Spanish mackerel to the 
Scomber colias. It is true that the Scomber colias formerly 
monopolized the term Spanish mackerel, for it was then in 
market and sold in considerable quantities. Great schools 
of these fish appeared in New York bay in 1811 and 1813. 
About 1820 they were exceedingly abundant at Gloucester, 
Mass., and at Provincetown, Mass. But it has disappeared 
from our coast. During a ten years’ search no specimen has 
been taken unless a rare specimen taken by Hon. Samuel 
Powell, of Newport, R. L., October 22, 1875, was of this 
species. Mr. Powell was very certain that it was Scomber 
colias ; however, no specimen is known to exist in any mu- 





THE TRANSPARENT FISH. | would chance to be fertilized in a natural way. 





seum. But the vernacular still has a use for the name) 


than sixty years ago. It was then very scare in our waters, | waters, and do not enter the rivers at all. They are less plenty 
though believed to be abundant in the Gulf poh ge and | in the Upper Chesapeake. 
the Caribbean Sea. Of late years it has ap in larger 
and larger numbers along oat coast, extending as far north PAWnEne. 
Six months ago no one knew the first particular of their 


as Narragansett Bay. 
: spawning. The size and character of the eggs was un- 
SOCAGETS, ADD sGeaeanee. known. No limit had ever been fixed for the spawning 
In 1854 Professor Theodore Gill, of the Smithsonian In-| period. The shrewdest guess was that they spawned in the 
stitution, reported it to be of very slight commercial im-| warm water of the South in midwinter. Their rare — 
portance. th Green places its first appearance within as a food fish and the success in artificially hatching shad, 
fifteen years. Few, if any, were taken in Chesapeake Bay salmon, cod, and other edible fish, had led the United 
prior to 1870. It is now Round in schools off Fire Island, States Fish Commission to much desire the lacking informa- 
the shoals annually increasing in size, one having been re- | tion. 
ported five miles square. About 1872 or 1873 there was| In the winter of 1879 and 1880, by direction of Professor 
quite an abundance of this fish in Narragansett Bay. Be- |S. F. Baird, Commissioner, Mr. R. E. Earll, for several 
tween three hundred and four hundred were taken at one — connected with the propagation department of the 
haul of the seine, but the run was short, and the fish did | Fish Commission, and Colonel Marshall McDonald, Com- 
not reappear. The Chesapeake Bay has been annually | missioner of the State of Virginia, made an exploring tour 
visited by large schools for several years, where it is known along the southern coast from Florida northward. To Mr. 
as the “‘ Bay mackerel.” None were known to have been Earll was assigned the salt water fishes, and to Colonel 
marketed there prior to 1870, but in 1879 1,300,000 of this | McDonald those of the fresh water. In the late spring they 
fish were sold, and the season of 1880 is expected to yield | had passed Norfolk and entered upon the examination of 
2,000,000. They were taken in pound nets and gill-nets, | the Chesapeake Bay. They had been constantly on the 
At Cherrystone, Md., there are fourteen pounds, which | alert for spawning mackerel, and were at last rewarded 
average a catch of 500 toaday. As many as 4,000 per day | about June 1, when ripe fish were discovered by them in the 
have been taken in a single pound on the eastern shore of | lower part of the bay, and the announcement was made to 
the Chesapeake, while 2,500 is not a rare catch with one the Commissioner by Colonel McDonald. This led to a 
pound. The Bay fish are, however, smaller and leaner than | further investigation, till, upon reaching Mobjack Bay, 
those caught further north. The fishermen disagree in re-|€normous quantities were found actually depositing their 
gard to the length of time in which schvols have visited the | eggs. Mr. Earll, who is a member of this association, but 
bay, some asserting that there were only scattering fish prior Unable to attend this meeting, and who has furnished all the 
to 1875, and others that schools have appeared for many | facts concerning his work for this paper, at re hag ce 
years. But all agree that there has been a surprising in-| the extent of the discovery to Professor Baird in Washing- 
crease during the last five years. The occurrence of the | ton, and reported in person some days later. 
fish hardly ought to be judged by the amount caught, for | EXPERIMENTS. 


the increase in catch has been entirely coincident with the F ‘ - 

increase of pound and net fishing. It is well known thatthe | Professor Baird, who seemed more gratified with this dis- 

fish ordinarily refuses the hook. covery than with the world’s prize just announced by cable 
'as awarded to him personally at the international Fi 


ishery 
METHOD OF CAPTURE AND SALE. | Exhibition at Berlin, directed Mr. Earll on June 17, to re- 


The first pound which was really a success in the Chesa- turn to the bay, and by a series of saat eriments, to ascertain 
ake, was constructed by George Snediker at Newpoint,Va., | Whether the fish could be artificially hatched. Professor 
Now there are 164 between Cape Charles and the Baird offered him the use of a steamer for the Forpess, by 
Two years later gill nets were intro- means of which all the different kinds of hatching appar- 
atus could be tried in the experiment. But after advising 
with Colonel McDonald, Mr. Earll concluded to make the 
| first attempt with such apparatus as could be prepared on 
the ground. June 21 Mr. Earll started for Crisfield, Md., 
on the eastern shore of the Chesapeake, and during the fol- 
| lowing ten days there conducted his experiments, — 
‘his supply of eggs from the pound-nets of Mr. J : 
| Sterling, who rendered —_ possible assistance. Mr. 
Earll found the number of eggs produced by a single 
fish to be from 50,000 to 500,000, according to the size of the 
fish, the latter number having been taken from a fish weigh- 
ing one and three-fourths pounds. Instead of all the eggs 
ripening at once, as is true in the case of the shad, only a 
part are thrown at a time, and at intervals of a few on 
robably extending through two to three months. This 
is analogous to the cod, which deposits its eggs at intervals 
during five or six months. Different individuals of mack- 
erel were found to vary in their time of spawning; some 
ripening a considerable time before others, and the males 
seeming to ripen somewhat in advance of the females. From 
40,000 to 130,000 eggs were obtained at one time from a sin- 
gle fish. The shade however, yields only 20,000 to 30,000 
as its fruit of an entire season. The cod, on the other 
|hand, are so prolific that a twenty-one pound fish has 
| yielded 2,700,000 eggs, and a seventy-pound fish has yielded 
| 9,000,000 eggs. 
When the fish had remained in the nets several days Mr. 
Earll found that the most of the spawning females had de- 
| posited all their ripe eggs. The greatest quantities were se- 
|cured from individuals that had remained in the pound but 
'a few hours. It is believed that when confined the female 
presses against the netting in its efforts to escape and pro- 
duces an abnormal discharge of eggs; but it would result in 
the impregnation of a much larger number of eggs than 
e males 
and females being caught side by side in considerable num- 
, bers, both eggs and milt would be present in the water in 
duced, and came immediately into general favor. This sea-| such quantities that they could not fail to come in contact 
son there were 175 men between Smith’s Island and Occo-  pefore vitality is lost. 
hamock creek, engaged in taking Spanish mackerel. A net, 
seventy-five to one hundred fathoms Jong, will average FERTILIZATION, 
twenty to forty fish per day, and as many as five hundred| The eggs are easily fertilized. It is merely necessary that 
have been taken in that length of time. The fish average they come into contact with the milt of the male in any 
from one and one half to two pounds each in weight. The receptacle of water. A half hour after contact with the 
markets, in the order of their importance, are Baltimore, | mijt the eggs swell and become too hard to be broken by 
New York, and Philadelphia. In the New York market, | pressure of the thumb and finger. The water in which fer- 
the receipts, since 1878, have been as follows: tilization took place can then be replaced by clean water, 
: —_ | and the eggs are ready for the hatching —— Their 
1880. specific gravity is now so nearly equal to that of salt water 





in 1875. 
Rappahannock River. 























Month. 1878. we. : 

Lb. Lb. Lb that when the water is at rest they float upon its surface, 
remain suspended in the water, or occasionally sink slowly 
April ba, 98 19 | tothe bottom. The least current will cause them to be dis- 
SN atte eas 6.980 5.974 | 13,958 | tributed through the liquid. Mr. Earll discovered a small 
Sane eieeen iebesigraee “*""| 56642 | 98.803} 62,964 | oil globule in each erg which serves the purpose of buoying 
ine Rl ees 112,652 | 114,309 "_ |it. The impregnated egg is also so transparent that the 
August sft ana ie 72°7 98.277 — | fishermen, who are not usually very observing, would never 
ae 21504 | 46.596 ___ | suspect their —— The eggs are smaller than eggs of 
Oceher Peale ehacn 3 tte 3.699 4451 __ | almost any otber species, and have an average diameter of 
Nesuuhee...._. . an 657 _ | only one-twenty-eighth of an inch. It has been estimated, 
— | — 3 __ | it will be seen, that 21,952 would make a cubic inch, and a 

eee oes = quart of 5734 cubic inches would hold 1,267,728 eggs. 
Totals 274.913 | 309,168 | 76,941 | The period of hatching is greatly influenced by the tem- 
satiated aad ti sini ; . : perature of the water. é average temperature during the 





- pene . ae ae — 84° bmg pr — — 
after contact with the milt the outline of the fish could be 
one | discerned by the naked eye. The fish is formed with the 

In the New York market the price per pound ranged from | curve of the back at the lowest point of the egg. In fifteen 
eighteen to thirty cents during 1879; for May, 1880, from and one half hours the fish began hatching. In eighteen 
fifteen to forty cents; but owing to the large shipments in hours one half of the e had hatched, and in twent 
June the price fell to ten to fifteen cents. On special occa- ' hours all were out. Experiments in water at 78° Fahrenheit 
sions the fish have been sold readily at one dollar per pound. showed that twenty-four hours were necessary for hatching. 
The catch of 1873 at Newport, I., was sold at prices A more remarkable effect of temperature is observable in 
varying from seventy-five cents to one dollar per pound. _ the case of the cod. In water at 45° cod have been hatched 

| in thirteen days, but in water at 31° fifty days were occu- 
= Sea | pied in hatching. 

This fish usually appears in the Chesapeake in May, when The newly hatched mackerel are about one-eighth of an 
the temperature has reached 65° or 70°, and the number inch in length, and so small as to escape through wire-cloth 
increases until the middle of June. They remain abun- | with thirty-two threads to the inch, and are almost colorless. 
dant until September, and diminish as the temperature of the The food sac, situated well forward, is quite large in pro- 
water falls, until, in early October, nearly all have disap- rtion to the body, the anterior margin extending to the 
ower jaw. While floating on its back for several hours, 


Spanish mackerel, having transferred it to the Cybivm mae-| peared. They come in small schools, but later get scattered, 
ulatum. The latter was first described by Mitchill more | and often quite isolated. Before leaving, the schools seem 
aa een ae RT -| to be somewhat reformed. The individuals of the schools 


e Ad 
of Seienee br Charles W. Smiley, Smithsonian Instioation, Weakingten, are of different sizes, the males and females often hee 
-C., August, 1880. | portionately mingled. They seem to aveid the b 








during its helpless condition, it es safely over the heads 
of its enemies, and is protected from being wrecked in sand 
or weeds. While in this almost motionless condition it oc- 


ish ' casionally indulges in spasmodic efforts similar to those no- 
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ticeable in freeing itself from the shell. After a few hours, 
becoming more vigorous, it gets to a depth of an inch or 
more below the surface of the water. After a day or two 
the food suc is less prominent, and the fish experiences less 
difficulty in swimming at various depths. The young 
mackerel hatched by Mr. Earll were so hardy that forty 
were confined in a goblet without change of water for two 
days before the first fish died, others placed in water which 
was allowed to cool gradually and immediately transferred to 
water ten degrees warmer, were not injured in the least. In 
fresh water they slowly sank and died in a few hours. Mr. 
Earll also found that a fair percentage of eggs could be 
hatched in still water with but one or two changes during 
their development. Eggs taken at 6 P.M., and allowed to 
remain in a basin of water till morning, when another 
change was made, hatched with very small percentage of 
loss. Samples of all the different stages of development 
were preserved in alcohol and glycerine for the National 
Museuw. Over half a million were hatched by the various 
methods and at various times. 


APPARATUS. 


The apparatus used in these experiments being made on 
the spot, though very primitive, was as successful as could 
possibly be desired. The apparatus consisted simply of 
floating boxes with bottoms made of wire cloth. The cloth 
was plated with nickel to prevent injurious action of the 
salt water, and contained thirty-two wires to theinch. After 
it was found thata lot of fish had escaped through it, only the 
shells remaining to prove that hatching had actually taken 
place, the wire and each aperture were covered with coarse 
cotton cloth. The boxes were provided with covers for pro 
tection against storms, or wind, or rain, but were provided 
with openings on the sides to admit fresh water from above. 
The box giving best results was arranged on a principle 
similar to that employed by Captain Chester in the experi- 
ments with codfish at Gloucester in the winter of 1878. It 
had openings on two sides even with the water lines. Just 
below these on the outside of the box were wooden floats 
about three inches wide. These were placed atan angle 
with the surface, so that the ordinary wave-action would 
cause the water to run up the slight incline, and after reach- 
ing the highest points, passed down through the wire cloth 
into the box, thus giving a constant change of water with- 
out the aid of tides or currents. Other boxes were arranged 
in the ordinary way to utilize the action of both tides and 
currents. These set obliquely in the water, so that the mo- 
tion would force it through the bottom. In addition each 
had a large opening covered with wire-cloth below the sur- 
face of the water on its front side, to give additional circu- 
lation. The boxes were moored in the harbor where the 
tide was strongest, and by means of them a greater part of 
the eggs were successfully hatched. The loss in one in- 
stance was less than fifteen per cent. 


CONFIRMATION AND PRACTICAL RESULTS, 


After the experiments of Mr, Earll were over, very grati- 
fying confirmations of the results reached by him were had 
in the microscopic studies of Mr. John A. Ryder, of the 
Fish Commission. The fish-hatching steamer Lookout, 
under the direction of Major Ferguson, going down the 
bay, Mr. Ryder improved the opportunity to hatch a small 
number of fish and to make drawings of the embryo in 
different stages of development. He found that when the 
embryo was freed from the shell the changes occurred raj 
idly. In seven hours he detected the outline of a fish. In 
seventeen the head and eyes, and in twenty a free fish. He 
discovered the oil globule attached to the lower end of the 
umbilical sac, which he pronounced to exist in no other fish 
which has been artificially propagated. At four days from 
the time of hatching, the globule having been absorbed, he 
observed the fish swimming vigorously about with open 
mouth, as if in search of microscopic food, and actually 
discovered traces of foodin the stomach. Major Ferguson, 
the Assistant Commissioner, was so much pleased with the 
series of discoveries by Mr. Earll, and the confirmatory ob- 
servations of Mr. Ryder, that he transported some of the 
young to Saint Jerome Creek to watch their subsequent 
growth. Professor Baird has traced the stages of the in- 
vestigation with the greatest interest, and has furnished every 
— facility. He will probably enter upon systematic 
1atching of the mackerel next summer, with a view of 
stocking other waters. It is hoped that at least Narragan- 
sett Bay may be reached as a northerly limit. The artificial 
propagation is entirely feasible, and the season being in mid- 
summer would not conflict with the shad season of the 
spring, the salmon season of the fall, or the cod season of 
the winter. The eggs are much more abundant, and hatch 
more easily, as well as more speedily, than any other fish 
now propagated. During the four days consumed in hatch- 
ing a lot of shad five lots of mackerel could. be hatched, and 
during twenty-four days necessary to hatch one lot of cod- 
fish, thirty-two lots of mackerel could be produced. Mr, 
Earll selectea a suitable locality for a hatching station at 
Cherrystone, Md., on the eastern shore, preferring this to 
Mobjack Bay, at which the pounds are most numerous, on 
account of an excellent harbor. The fishermen are also 
very kindly disposed, and offered to render every assistance. 
Thus most important facts are added to the natural history 
of the fish, and the prospect is bright for a great commercial 
success, 

BONELESS COD. 
HOW THEY ARE CURED AND PREPARED FOR MARKET. 


Tue Boston Herald says: No codtish ever existed with- 
out bones; for it would be impossible to build a codfish 
witbout a framework of bone. But, within a few years, that 

uality of codfish called boneless has become very popular. 

t is generally neatly put up, being cut from fish well se- 
lecied, and it is not surprising that it should have increased 
in popularity year by year. It is packed in boxes of different 
sizes, some of them small and neat, intended for sale by the 
box or package, and other sizes larger and intended for re- 
tailing by the pound. Some of the small size packages, say 
from three to five pounds, are neat and attractive in appear- 
ance, being branded with fancy brands and decorated with 
plese tops and colored labels. These packages of boneless 

sh are designed for the breakfast table, the picnic dinner, 
the excursion, and the sea voyage. Certain brands are put 
up to stand the heat of the Southern States or of the West 
lndies, and within a year or two great improvements have 
been made in this direction. The packers now feel reason- 
ably sure that they can pack a boneless fish which will stand 
any climate. Some of the packers of codfish put their 
wares into neat and attractive little boxes. These boxes are 
water-tight, so that all oage from salt or brine is avoided, 
and then they are cove with handsome labels and de- 
signs, and fitted with hinged covers neatly tied with tape. 





The packers have taken a great deal of pains within the 
past two or three years with this class of fancy packages 

At first wooden boxes were tried, but these were ungainly 
and heavy, besides they did not always hold brine or keep 
out moisture, and the packages soon became moist and the | 





indicate it as the clam's worst enemy; nor would we believe, 
until we had seen the latter in its deadly embrace, that its 
rasping tongue had bored those smooth, round holes through 
the solid limestone of the shell. 7 
In the muddy banks of the Thoroughfare back of the 


fish turned red and emitted that disagreeable odor which | town may be found the crimped mussel ( Modiola plicarula 

prevails around a fish market in warm weather This | and young oysters without number, and almost everywhere 
would never do. Tin packing cases were resorted to, but | over the marsh the lobsided fiddler crabs scurry away uncer 
they were rather costly, besides they did not stand the salt | your feet like grasshoppers m a stubble field While boat 


well and were liable to be rusted out ina few months, Fi 
nally paper was resorted to. This was light enough, and 
preserved the fish well at first, but the moisture soon pene 
trated so light a substance, and, with the action of the salt, 
the package was soon destroyed. Various experiments were 
tried of coating the paper with different substances, but 
nothing seemed to remedy the difficulty. At length a gen- 
tleman, who was both a chemist and an inventor, hit upon 
a plan which was successful and for which the fish packers 
gladly paid him. His plan was to coat the paper box inside 
with a cement or varnish made of rosin and paraffine. The 
| paraftine, according to its nature, was found to penetrate 
the paper completely, while a residuum of the rosin, com- 
pounded with paraffine, formed a water-proof coating of a 
hard, odorless substance over the inside of the box. Great 
quantities of codfish are packed in Boston, Gloucester, and 
Portland, and at various fishing ports. 

Much pains are taken in selecting, cutting, and packing 
boneless codfish. In the first place the quality of the fish 
must be looked to, else the boneless product will turn red 
and spoil. A word or two about the different methods of 
curing codfish will give the reader a better understanding of 
the process of selecting fish for cutting and boning. There 
are two methods of packing fish on board the vessel, after 
they are caught and stripped—that is, divested of their 
heads, backbones, and entrails; the one method is to pack 
them in butts in a strong pickle or brine, and the other is 
culled ‘‘kenching.” Fish packed by the first method are 
called ‘‘ pickled fish,” and by the second method “ kenched 
fish.” The method of kenching is to first put down a layer 
of salt, then a layer of fish upon the floor of the hold of the 
vessel, then another layer of salt, followed by a layer of 
fish, and so on till the vessel is full up to the deck. It will 
readily be seen that the ‘kenched” fish will be pressed 
down very hard and solid by their own weight, and also that 
they would be hardly likely to take up so much salt as the 
pickled fish. But they are much more solid, and, after 
flaking or drying upon the fish flakes on shore, they are very 
hard and firm, and much better for cutting and packing 
than the pickled fish. The pickled fish is the quality of dry 
fish seen in the market which turns red and becomes soft. 
It is said that the pickled fish when “ flaked,” appears to 
dry very quickly, but in reality the surplus of salt forms a 
crust ontside the fish, and most of the water is retained. 
Such fish are unfit for cutting and packing, especially in 

‘warm weather. For packing for the Southern and West 
| Indian markets, a very firrh, dry quality of hake are select- 
ed, since they are naturally a drier and less oily fish than 
the cod, and. ¢ »sequently, will stand a hot climate better 
when packed 

The packers of the boneless codfish have shown consider- 
able spirit and enterprise in putting the dry fish, which for- 


| ing through the sounds or in the mlet the observant voyager 
| may often see transparent and most dainty jelly fish (Cte o 
| phora) ghding past him, which, when captured in a jar of 
| sufficient size, will respond the next evening to a rude shake 
| with flashes of phosphorescent hight. Pick up almcst any 
of the blades of eel grass which drift past your boat, clip off 
| a piece of suitable length into a bottle of clear sea water 
and after a few minutes examine it with a pocket lens, ard 
| you will find that what apyjeared like rather rigid algw 
| growing upon the grass are really zoophytes, plant-like ani 
| mals, each with an infinity of plumed heads trembling with 
life, reaching out for their prey or creating whirlpool cur 
rents which draw their minuter neighbors into their ever 
gaping moutbs. 

But the feature which has added most to the attractions 
| of Atlantic City for the scientist or amateur naturalist is the 
| stone pier or breakwater recently built under anextension of 

the Camden and Atlantic Railroad track, near the mouth of 

the inlet. Visit it at low water, preferably when the sca 1s 

calm and you will see that we have borrowed from New 
| England many of the attractions of its rocky coast. 
| First in order, as most conspicuous, are seen the myriads 
| of small black mussels (Mytilus ¢du/is) clinging to the stones 
| and to each other by their strong byssus threads, thrown out 
|in every direction to brace them against any movement by 
the waves, each thread ending in a broad disk-like sucker as 
an anchor firmly fastened *‘ to windward.” ‘ The munition 
of rocks” is doubtless under many circumstances an ¢xcel 
lent ‘‘ place of defense,” but as we look on these mussels, 
self chained at the edge of the sea, they seem to us only so 
| many Andromedas, waiting the approach of Cevouring sea 
| monsters in the shape of crabs, star fish, sea urchins, etc., to 
some of whom, at least, they furnish an easy and abundant 
prey. As we tread warily over the wet stones, covered with a 
tangle of bladder-wrack and other sea weed, and peer down 
| into the crevices at the edge, a gleam of red will guide us to 
| where a star fish lies feeding. We stoop down and remove 
the stone that partially covers it, then tearing loose the crea 
ture from the firm hold its numerc us fc ot suckers have taken 
upon the stones, we examine its under side and find one of 
these same mussels, end foremost and partly open, half 
buried in the body of the monster. The star-fish is supposed 
to inject some poisonous fluid between the valves of th 
mussel, causing it to open them and yield their contents to 
the devourer. 

In other places, Mr. Potts continued, might be found sca 
urchins covered with their curious slowly waving spines 
and occasionally a sea anemone will appear as a shapeless 
mass of jelly, but if carefully removed to the aquarium at 
home it will soon put forth its petal-like tentacles aud n.utely 
| ask to be fed. Multitudes of hydroid polyps and polyzoous 
| incrust the stones and the posts; even the shells of various 





merly was kicked about on the floor of the grocery store till | kinds forsaken by their builders and everywhere found in 
it was rendered unfit for use as food, into neat and tasteful | habited by the hermit crabs, are almost uniformly covered 
packages of boneless and skinless codfish, At first they | with the beautiful Hydractinca—colonies of Medusa-like 
were well paid for their trouble, because they did their | heads, well worth}\of the most earnest attention. Here a 
| work faithfully and the public bought their fish with a good | person is attracted b)q number of crimson and stone-colored 
deal of satisfaction. But adverse competition came in, as | tufts, but when he stodpa to examine them they are gone, 
it always does when a really good article is introduced upon and it is known they must have been the branchial filaments 
the market, and the pioneers of boneless codfish soon bad | of the Serpula contortuplicata, whose twisted lime tubes are 
the mortification of finding the market loaded with badiy found in the hand. On either side there is color, rich 
packed and worse selected fish. Indeed, at one time so | green, bright crimson, or deeper red, where the sea weeds 
much of a poor quality was put upon ‘the market at a low | wave ou the ebbing tide, and when the student of nature 
price, that packers of a good article were nearly discour-| returns it is with the conviction that all of beauty and 
aged; but a discriminating public soon learned of the bad | of grace is not monopolized in the ball rooms. 
quality of the — <7 were ready to ae packed | ——— - 
fish altogether. ut several enterprising gentlemen among | . . er 
the dealers resolved to put brands of boneless and other HEMLOCK IN THE TREATMENT OF CANCER. 
packed fish upon the market that would win a reputation.| Henry Kennepy, M.B., of Dublin, writes as follows to 
To-day they can say that they have been very successful, | the Lancet : 
and they only ask the public, when they find a brand of| At present, when the profession are in expectation of 
packed fish which pleases them, to buy that brand only,and | getting a cure for this frightful disease, it has seemed 
the packers of worthless decayed fish can be driven out of to me advisable to call atiention to a remedy which 
the business. | used to be in great vogue, but which bas most unaccount- 
=] SS ably fallen into disuse. There is nothing, indeed, in medi 


THE BIOLOGICAL AND MICROSCOPICAL SECTION cine more remarkable than the fact of the way in which 


OF THE ACADEMY OF NATURAL SCIENCES, | medicines, patent medicines, too, are forgotten or thrown 
PHILADELPHIA. jaside. Into the causes of this I am not now going to enter, 


| but simply to state a well known fact. The medicine I 
A STATED meeting was held Monday, September 6, Di-| would now recall to notice through your widely read pages 
rector Dr. Car] Seiler in the chair. | is the well known hemlock; and in saying this I am well 
It being the first meeting after the summer vacation the | aware of Harley’s most valuable observations on this very 
time was spent in relating the work done by members since drug. But it is as a remedy for cancer, in some, at least, 


the last meeting. 

Mr. Edw ard Potts gave a detailed account of the various 
life-forms found at Atlantic City. 

He remarked that the summer had been a fruitful one to 


| of its forms, that I would here speak of it. Now, sir, tbe 


evidence of the power of this medicine over cases of can 
cerous disease is very great indeed; and that man would do 
well to the profession who would simply make outa listo the 


| him in opportunities for renewing and increasing his ac-| cases where it has been so employed. Not that every case Was 
quaintance with many of the most beautiful forms of aqua- | bettered by its use, for this is not to be looked for, but tha! 
tic life, both inland and marine. the majority were. It will be observed that I used th: 
He referred particularly to the members of the Hydrozoa | word ‘‘ bettered ;” as, if I said ‘“‘ cured,” it would be at once 
and Bryozoa or Polyzoa, too often classed together as polyps, | concluded what I advanced would not be worthy of a mo- 
| though essentially different in structure and belonging to | ment’s consideration; though certainly there are plenty of 
| different sub-kingdoms. The most noticeable nts of | cases in which a complete cure was effected, and this in 
difference between the two classes were briefly described, cases of what seemed both open and occult cancer. This 
' the common fresh water Hydra — taken as the type of evidence, it appears to me, seems quite sufficient to author- 
the former and the Plumatella of the latter. Of the Polyzoa | ize us to fall back on the remedy. It has been objected to 
the streams in the neighborhood of the Centennial grounds | the use of hemlock that its preparations are uncertain, and 
had furnished an abundant supply, including the genera | do not contain the active principle. Granting that this is 
Cristatella, Plumatella, Fredricella, and Paludicella, while | true in a degree, it is certainly no reason for giving up its 
a few days at Atlantic City bad offered an endless feast of | use. But I think that, with such a formidable disease us 
hitherto unfamiliar genera and ies belonging to both | cancer, it would be well to use the hemlock which grows 
classes In this connection he said that the t of the | in other climates than Great Britain; for there can no 
student of natural science were due to the Camden and At- | doubt that it isa much more vigorous plant abroad than 
lantic Railroad Company as the pioneers in opening to the among ourselves; and indeed the parties who first introduced 
residents of Philadelpbia an easy mode of access to the won- | it in Germany enter into partic as to the locality in 
ders of the Atlantic coast, and then took occasion to combat | which it grows and the time of the year it is to be plucked, 
the generally received impression that the neighborhood of | which ae their opinions on the matter. 
Atlantic City was barren of animal and vegetable life. T of the drug in common use, I may state once for 
Here the beach clam (Mactra soledissima), thrown up by | all, istoo small. The British Pharmacopeia puts down the 
some monster wave, will be seen. with bis muscular foot | dose of the extract at from two to six grains, which is to- 
plowing its way again to safety; then the sandhoppers scut- | tally useless. To an adult not less than ten grains may be 
tle out of sight before you have quite determined to attempt | given; and I find a very suitable way of giving it is in an 
| their capture. Among the miscellaneous collection of drift- eight-ounce mixture, of which half an ounce, by measure, 
|age cast up by an easterly storm—the disjecta membra of | may be taken three times a day, each dose containing te 
| crabs, the valves of many shells, the eggs of the skate and grains, which can be readily increased, and which will be 
| dog shark, so different from our ideal of an egg, the spawn n in such a disease as cancer, for the dose must be 
\of the conch (Pyrula), the broad shield of the king crab pushed so as to produce its physiological effects. I speak 
| (Limulus polyphemus)—may sometimes be seen the arent sea specially of the extract, as, on the whole, presenting the 
' snail (Naticu), whose soft, water swollen foot would hardly ‘easiest mode of administration. It isnot equal, Iam aware, 
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to the Succus conii either in elegance or power; but the lat- 
ter has very serious drawbacks, one being its expense, and 
the other the quantity of spirit which it contains, Used in 
the way indicated, I have found hemlock a very valuable 
remedy. In my hands it seems to ss two distinct 
effects, the first being the power of allaying pain, a matter 
of so much moment in cancerous disease; and the second, 
its restorative power on the frame, as shown by the change 
in the appearance of the patient; and, should there be an 
open ulcer, the alteration for the better in the sore. I have 
seen no absolute cure of cancerous disease, but I have seen 
several cases where the disease has been beyond question 
kept at bay, and the life of the patient by so much bettered. 


HOW TO FEED THE SICK. 


Dr. E. Eneats, of Chicago, makes the following remarks 

1 the above subject, in the Chicago Medical Journal and 
Eramner : 

Dr. Tanner’s experiment of long abstinence from food has 
ittracted much attention, and, judging from the tone of the 
daily press, I think the public deem it an idle and foolish 
exhibition; but in its scientific aspect it has great interest, 
and will doubtless be repeated by others, and we shall have 
champion fasters as we now have champion rowers and ath 
letes of the diamond field and prize ring. From this we 
may come to give due weight to the capacity which the 
body has to feed upon itself, and this will lessen the fear 
that patients will starve, and will help us to wait patiently 
for physiological repair of pathological changes. Itis often 
remarked that truth is apt to be midway between extremes; 
yet public opinion goes from one extreme to another, and 
though we are conscious of our liability to this fault, we are 
generally ready to fellow the pendulum through the entire 
ire of its motion. Within my memory the common prac 
tice was to interdict even a cup of cold water from the 
parched lips of a fever patient famishing with thirst. After 
the favorable termination of a protracted disease, when the 
iuttenuated body was clamoring for nutrition to restore what 
had been lost, food would be withheld to a degree that much 
prolonged the period of convalescence. Then came a 
change, and the direction of all in authority was that the 
sick should be “fed well.” This was called “supporting 
treatment,” and as all knew that the body was sustained by 
nutrition, the practice strongly addressed itself to both pub- 
lic and professional favor. As a consequence, patients who 
loathed even the thought of food and abhorred its sight were 
compelled to take it in considerable quantities at frequent 
and stated intervals, as if it were a medicinal dose. Under 
such circumstances food is not well digested, but is par- 
tially decomposed in the alimentary canal, and some pro- 
ducts of such decomposition may be taken up by the ab- 
sorbents to poison the blood, and the débris while retained 
disturbs the whole system and is thrown off by the stomach 
and bowels with difficulty. In ordinary sickness it is best 
that the patient should order his own diet list, and allow the 
physician to expunge from this what he judges may prove 
harmful. If the patient does not desire food it is generally 
better to leave him without it, and I can attest, fom fre- 
quent observation, that this may be done with entire safety, | 
until a condition of extreme exhaustion has been reached, 
aud even then, if the patient’s desire for food does not re- 
turn, stimulants are oftener indicated medicinally than nutri- 
ents. Weshould not forget that in sickness the digestive 
organs are enfeebled as well as the nervous and muscular, 
and their labors should be proportionately lightened. It is 
many years since I have seen a sick person injured from 
having taken too little food, while I have seen many who 
have suffered from taking too much. 


THE EPIDEMIC AMONG THE ST. GOTHARD 
MINERS. 


Dr. SONDEREGGER, appointed by the Italian government 
to investigate the epidemic among the St Gothard Tunnel | 
workmen, has completed his task and delivered a report 
which throws the blame upon the habits of the workmen 
instead of upon the atmospheric conditions of the tunnel, as 
alleged by the physicians of Milan and Turin. 

The doctor’s first proceeding, according to a summary of | 
his report in the Continental Gazette, was to investigate the 
atmospheric condition of the tunnel. This he found to be 
unexpectedly satisfactory. ‘‘ There is a smaller proportion 
of carbonic acid gas in the air of the St. Gothard Tunnel,” he 
says, ‘‘than in the air of many a school room.” He adds, 
however, that in the depth of last winter, when, owing to 
the exceptional dryness of the season on the high Alps, the 
turbines ran short of water, and the compressors could not 
be worked to their full capacity, the air was probably much 
less pure than at the time of his visit. To this circumstance 
is due also the abuormal heat experienced during that 
period. The temperature augments in proportion to the 
distance from the outlet. Thus, at 1,000 meters from the 
Goeschenen portal it was 15°70° centigrade; at 2,000, 20°60° ; 
at 4,000, 24°40°; at 6,000, 30°; at 7,500, 31°25° (88° Fabr.) 

This high temperature has been diminished from two to 
four degrees since the junction of two workings, and there 
is a perceptible movement of the atmosphere. The air of 
the tunnel is moist as well as warm, and the navvies work 
almost, some of them, quite naked. The pulse becomes more 
rapid, rising to 150 beats a minute. This symptom is gene- 
rally accompanied by painful palpitations of the heart. 
Many of the men suffer from an overpowering sense of fa- 
tigue, and feel as if their joints were dislocated. Their appe- 
tites become” impaired, they suffer from indigestion and 
stomach eatarrh, and fall with more or less rapidity into the 
condition known as gastric bilious. On the other hand, they 
are not troubled with the headaches, faintings, cramps, and 
symptoms of poisoning by carbonic acid so common among 
miners aad other underground workers. New comers suffer 
the most, and few appear able to support the labor of the 
tunnel for long together. Of the 1,60 or 1,700 men at pre- 
sent employed in it, not more than 60 have been there from 
the beginning. and even they have been constrained to take 
several holidays during the time. The acute disease most 
prevalent among them is typhus. Its victims are numerous. 
The cause of this malady is found by Dr. Sonderegger in the 
state of the workmen’s houses and the way in which they live. 
They are mostly Piedmontese, a sober and thrifty race, but 
utterly ignorant of the requirements of hygienic living. 
The few who live generously, and are fairly well lodged, sup- 
port their work with comparative impunity. Those who 
herd in barracks, and are badly and insufficiently fed, speedily 
succumb. 

On the whole the doctor finds the inside of the tunnel 
decidedly healthier than the interior of the men’s dwellings, 
compared with which pigsties are paradises, for pigsties 
have gratings for the escape of sewage, open doorways for 


‘mols. of water. 


' to 4 per cent. it requires six days to take u 


the admission of air, and they are cleaned out at least once 
a week. 


The report severely blames the authorities of Uri and 


Tessin and the contractors for not having established an 
efficient system of sanitary police at Goeschenen and Airolo, 
and proposes that the matter be taken in hand by the Federal 
Council. 


EXPERIMENTS IN ABSTINENCE FROM FLUIDS. 
By Pror. E. T. Netson, Ohio Wesleyan University. 


Dr. TANNER has well-earned the title of the ‘‘ Fast-male,” 
by bis remarkable experiment and its successful termination. 
As illustrating the power of the will over the physical nature 
of man the experiment is the most important ever recorded. 
The doctor seems to have gained nourishment as well as 
consolation from a sip of ice water. 

The details of an experiment of an exactly opposite cha- 
racter may not be without interest. In 1878 Mr. Charles 
King, a student of this university, had his attention called 
to the subject of water as an article of diet and to the writ- 
ings of our leading physiologists on this subject. He found 
Dalton saying: ‘‘ Water is probably the most important sub- 
stance to be supplied with constancy and regularity, and the 
system suffers more rapidly when entirely deprived of fluids 
t when the supply of solid food only is withdrawn.” 

Flint claims, ‘‘ the body only requires not less than three 
pints of water to two and a half pounds of meat, bread, and 
other solid food daily.” 

Mr. King resolved to avoid the use of all fluids in his diet 
in order to test the effect upon his system. The experiment 
began on the first day of September. The weather was very 
warm and sultry. The diet consisted of bread with a little 
butter, meat, and potatoes, but no tea, coffee, milk, water, 
gravy or other fluid. His appetite, only moderate at first, 
increased regularly during the whole time of the experi- 
ment. His pulse was low but very regular, and the general 
tone of the system good. At the end of thirty days he gave 
up the investigation because informed by his friends and 
physicians that it must prove injurious. During the first 
week in October he drank very moderately of water, con- 
suming during the seven days — one quart. He then 
resumed his experiment for another thirty days, only under 
a more complete supervision of his diet, so as to avoid the 
use of any article that contained much water. During this 
month he took no fruit nor vegetables of any kind except 
potatoes. No special change in his symptoms or feelings 
wa: observed during the second experiment. After the first 
few days all sensation of thirst disappeared, and as Mr. 
King expressed it, ‘‘ I never felt better in my life.” 


THE BLAKE TRANSMITTER. 


THE microphone is the most abused instrument in the 
business. Half the inspectors don’t get the swing of the 
thing, and don’t seem to care to. If the gas meter is taken 
away and breaks the ground, a new microphone is suggested. 
if a switch lever strikes wood and leaves line open, some- 
thing is ‘‘ off” with the microphone. If a zine wire con 
tracts with the positive, ‘‘let’s put in a new microphone.” 
Two battery wires are short cut by one staple, and the 
microphone needs adjustment. 

The fact is that not one microphone out of a hundred is 
wrong. Not one out of a hundred which seems wrong need 
be run in for repairs. We propose here to explain the dark 
points of the microphone and explain the method of show- 
ing its fault, if the fault is really in it, and also the method 
of locating the faulty spot, if it is in the microphone, and 
that with the tools, etc., always carried by an inspector. 

The cut on this page shows the essential bowels of a 
microphone arranged for easy explanation. 


DESCRIPTION OF MICROPHONE. 


Battery wire comes to binding post, B. The circuit goes 
to primary coil, F, composed of a few layers of coarse wire, 
thence by curl, P, to hinge, G, thence by wire, L, to back 
frame V, thence through screw, O, and adjusting bar, T, to 
spring, R, on the end of which is a weighted carbon button, 

, thence through carbon button and platinum bead to 
spring, I, which is insulated at K, thence by wire, M, to 
hinge, H, thence by curl, 8, to binding post, A, thence to 
battery, thus forming a short local circuit, including a bat- 
tery, a primary coil, and a delicate carbon and platinum 
contact. The insulated diaphragm, N, bears against the 
platinum bead, and any movement of the diaphragm, by the 
voice or otherwise, alters the degree of pressure between the 
platinum bead and carbon button. gy | alteration of pres- 
sure alters the conducting power at this point, and thus 
varies the intensity of the current which the battery is send- 
ing through the primary coil, F. Under the jarring effect 
of the voice the contact at J is constantly altering, and thus 
giving a series of impulses to the current passing through the 
primary coil. 

Notice that this battery circuit is entirely local, and does 
not go to line or to anything which has not been mentioned. 

The line wire with telephone and other apparatus in cir- 
cuit, goes to binding post, D, thence by curl to secondary 
coil, E, composed of many layers of fine wire wound outside 
of the primary coil, F, thence by curl to binding post, C, 
thence to ground or continued line. 

The telephone or line circuit contains, as far as the micro- 





THE BLAKE TRANSMITTER. 


During the whole period of two months he took much 
exercise and was a close faithful student. It should be 
stated that just before entering upon these investigations 
Mr. King had used milk and water very freely, perhaps to 
the extent of two quarts per day.— Kansas City Review. 


LOSIS BY MILK, 


Ir has been ascertained that phthisis may be transmitted 
by means of milk as it comes from the cow. Mr. Bouley 
says that the fact that tuberculosis can be transferred by the 
use of uncooked milk and by the juice of raw meat has been 
proved so incontestably that it can no longer be doubted. 

Although experiments made in Germany and France have 
had identical] results, there has not been enough attention 
paid to them by the public. But the danger is real, and 
now is the time to warn the people, since the physicians are 
commencing to recommend raw meat for anemia. The 
slaughter houses should be carefully inspected for the 
purpose of ascertaining whether there are any phthisical 
cows present, and the raw meat, if medically prescribed, 
should be carefully selected, or otherwise only cooked meat 
should be used, and for the alimentation of young children 
cooked milk is much more safe than uncooked milk, for, 
in cooking, the cellular life of the parasites is destroyed, 
and thus the viands are rendered inoffensive. 


A NEW ISOMERIC .MODIFICATION OF 
ALUMINUM HYDROXIDE. 
By Dr. D. Tommasi. 

OrprINaRY aluminum hydroxide, as obtained by precipi- 
tating a solution of alum with ammonia, if left to itself in 
presence of water for about three months, undergoes a 
molecular change. becoming as Jittle soluble in acids and 
alkalies as ignited alumina, though stil! retaining its three 

The author dediguates this hydrate by the 
letter 5, to distinguish it from the normal hydrate, a, from 
gibbsite, g, and from the colloidal alumina of Graham, y. 
Concentrated hydrochloric and nitric acids in excess require 
sixty hours to dissolve the hydrate, 6. Caustic potash, 
highly concentrated, requires about the same time; glacial 
acetic acid has scarcely any appreciable action ; concentrated 
sulphuric acid dissolves the hydrate 6 at once, but if diluted 
even a small 
quantity. Normal alumina forms with its chloride an oxy- 
chloride, while alumina does not, , 


phone is concerned, only the secondary coil. When a cur- 
rent passes through the primary coil wire it induces a strong 
current in the secondary coil wire, and thus sends the micro- 
| phone impulse to the line. This induced current is the same 
as is produced on a telephone line by a telegraph line run- 
ning near it and parallel with it. 

In the microphone the wires are simply coiled om one 
spool for the sake of compactness. Such a rig is called an 
induction coil. 

NEW MICROPHONES. 


New microphones may be put up without any test or ad- 
| justment whatever. Seldom one needs anything but proper 
connection. They should be fixed perfectly plumb and 
- may a solid wall or partition. As we are saying nothing 
about call boxes now, we will presume that the microphone 
is in good shape and properly connected up, and that trouble 
happens, and that the microphone is suspected. 


FIRST EXAMPLE. 


Bells ring all right, answers come all right, but the whole 
microphone and telephone business seems dead. 


ions.—Is the fault in the microphone? If so at what 
point and how can it be fixed? 

Procedure.—Disconnect the outer wire from the posts, C 
and D, and splice the wires together. Now call up and use 
the telephone, for talking and listening. If it won’t work 

| the fault is not in the microphone, and it must be tested for 
| in the call box. If the —— does work all right the 
| fault # in the microphone. To locate the faulty spot set up 
the battery near the instrument so as to be handy. Run a 
short wite from Lega | to binding post, C. Disconnect the 
telephone from the call box and connect one tel 

to the battery. Listen at the telephone and touch the other 
telephone cord tip to the binding post, D. The ne 
should remain silent when you make and break. you 
hear noises in the telephone you have made a mistake in the 
former test which put the fault on the microphone. In such 
cases connect up in shape and try again, for the mic 

is not at fault. There should, if the fault is in the micro- 
phone, be no noise as you make and break when testing 
the spot. Now, with a knife skin back the silk where 
curl wire, W, under the binding post, D, and touch 
naked wire. If you get a noise you ha 
The curl wire, W, does not make good connection. with the 
binding t, D. Investigate, t on 
the binding post, D. You sh 
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If, after skinning wire, W, you get no noise, reverse the | canvas, and also with that applied by the artist. The diffi | try, made this experiment on the 23d of April, when we had 
wires; that is, connect the battery wire to post, D, and do | culties of making a fatty picture suitable for transference to | a splendid full moon, at 10 o'clock in the evening, one hour 
your touching at C. If no noise, skin wire, X, and test, If| the canvas are by no means great; in fact, the operation of | before the moon passed its meridian. The apparent distance 
still no noise the fault is located. The wire in the secondary | performing this is easier and involves less preparation than | found was about 164 ft. This distance seems very small, 
coil is broken or burnt off. The microphone is useless, and | is required to make a dusted picture. A photographic trans- | but it may be verified.” 
must go to the shop and have the secondary coil rewound. | fer which shall represent the half-tones of a negative as a —_——. —_____. 

During a heavy thunder storm many microphones may have | kind of stipple or grain is easy to make, although the opera- CUBIC ALUM 

the secondary coil burnt out, and it pays a large exchange | tion of printing from a stone to which the image has been ‘ 

to have in the repair room the few things needed for re- | transferred is quite a different affair. When Mr. Bolas was! Tie author (Alfred Polis) examines the conditions for 
winding them. The coil generally burns at the inside end. | lecturing at the Society of Arts on ‘‘ Photo-mechanical | obtaining cubic alum and its behavior with other alums as re. 
All the secondary wire must come off, bad wire must be cut | Printing Processes,” he showed a modification of a stippie | gards overgrowth. The best results were obtained by dis- 
out, the breaks spliced, and if much wire is cut out, new | process due to Asser, and illustrated it by making a transfer | solving 250 grms. alum in 800 c.c. water at 25° to 30°, add. 
must be put in. We will in a future number illustrate the | from a landscape negative over thirty inches long. The ing 45 grms. sodium carbonate, and exposing the clear solu 
few cheap traps required for rewinding these coils, and will | process is briefly as follows: A sheet of blotting-paper is tion to spontaneous evaporation. Ten of the crystals first 
give cost of the entire apparatus smoothly covered with a thin paste made by boiling 1 part formed were suspended in the liquid, and after seventy four 
of flour with 10 or 12 parts of water. When dry the paper to ninety-two days they had become pure, shining permanent 
is rendered sensitive by being soaked in a 31g per cent. so- cubes. On suspending such cubic alum in a solution of pot- 

Bells ring and answer all right, and telephone works all | lution of potassium bichromate, and, after having been once ash-chrome alum the crystal increased as a cube, appearing 
right, but microphone is on a strike. more dried, it is exposed under a reversed negative. When to be a cubic chrome alum crystal, but displaying small, sub- 
Mr. Bolas illustrated the process at the lecture, he exposed ordinate octahedral surfaces. 
for about five minutes to the light produced by burning _ estate — 

Procedure.—Listen at telephone as usual, and tap with fin- | magnesium wire, but a few minutes in the sunshine may | 
ger nail on micro box or diaphragm. If you get a light mi- | generally be considered sufficient. The print is next soaked 
crophonie sound the fault is most likely a weak battery. If|in water to remove the excess of bichromate; and, after 
you get no sound the fault may be in the battery. In any | drying, it is ironed with a warm flat iron in order to harden 
case trace battery wires, inspect and test the battery. To| the coating on the paper. Being now again moistened, the — 
test the battery disconnect it, and disconnect telephone cord | print is dabbed all over with a stiff hog-hair brush slightly | T EX E 
from call box. Connect one tip with one battery pole, and charged with printer’s ink, which — on the exposed por- P wes ‘ 
while listening at telephone make and break the other tip! tions, and refuses to adhere to the unexposed portions. S tif A S | t 
on the other Sale of the battery. If the battery is all right When the picture is about dry, it is well rubbed down on cien l Ic merican upp emen . 
you will know it. If in doubt, go toa good battery and learn | the canvas, and allowed to dry in contact with it. All that 
tae it sounds when thus tested. If battery is good, place | is now necessary is to soak off the paper, so as to leave the | PUBLISHED WEEKLY. 
it handy to the instrument and run a short wire from bat- | fatty impression behind on the canvas. | 


tery to binding post, B. Connect one telephone cord tip to Transfercnce of Photographs to Wood Blocks.—The pro- 

eye d eee gs — Th _ bears $ aon, hd Will | cess above described answers completely when the engraver 

ae as suena ‘Tt oO kK. skin wine, P. oan po gg requires a photographie guide on his prepared block, only a Sent by mail, postage prepaid, to subscribers in any part of 
ele ag al ee a ae ey direct negative is required instead of a reversed one; and it the United States or Canada. Six dollars a year, sent, pre- 

waters dy sees e4 a chown _ Sop his. FIs oy. and the is not advisable to let the transfer dry on the wood block, paid, to any foreign country. 

Srontiie wit yes otill b akon theentl ris Bann dag _— as this would involve the application of water. The best 

eeaeh on tladiar post Cor D. If you get any noise it| W2Y,'8 to pass the nearly dry transfer and the block through 

shame that the elem of the primary and sesendare heave nat |* lithographic press, and to strip off the paper immediately All the back numbers of THE SUPPLEMENT, from the 

sictaned samnewhere. and are in content, This won't hill o afterward. The use of photo-lithographic transfers as commencement, January 1, 1876, can be had. Price, 10 
‘ cae thane teak @ edt beet tom te the them te guides for wood engravers is extending itself in the printing cents each. 

microphone every time, but it ha g lime trade, and it appears to us to be the best method of-securing 

make sure. a photographic image on the engraver’s block.—Photo-' }) the back volumes of Tae SUPPLEMENT can likewise 


Next touch on hinge, G, on the door side. If the noise . ; : 
comes, all right. If not, investigate very closely the soldering graphic News. be supplied. Two volumes are issued yearly. Price of 


SECOND EXAMPLE. 


Question. —W here is the fault and how is it to be fixed? 


A CATALOGUE, containing brief notices of many important 
scientific papers heretofore published in the SUPPLEMENT, 
may be had gratis at this office. 








Terms of Subscription, $5 a Year. 








of the wire, P. If the noise comes through so far as tested, aheas 7 " zach volume, $2.50, stitched in paper, or $3.50, bound in 
proceed to touch the back frame, V, and test for bad con- MINERAL LEATHER. stiff covers. 
nection on either end of wire, L. Next touch on brass but Tue Eglinton Chemical Company, of 29 St. Vincent 


ton, J, and test for connection at upper end of spring, R. | Place, Glasgow, have erected an exhibition tannery, in ComBrnep Rates —One copy of Screntiric AMERICAN 
If bad, tear down and fix. Next touch on spring, I, ance test | order to bring under the notice of those concerned a new and one copy of SCrENTIFIC AMERICAN SUPPLEMENT, one 
for dirt oa the carbon. Clean with a handkerchief on a| method of tanning, effected not by means of tannin in any year, postpaid, $7.00. 

knife blade. Next touch on wire, M, and test for bad con-| form, but of chrome. The process in question, invented, A liberal discount to booksellers, news agents, and can- 
nection where spring, I, fastens to wire, M. Next move on | and patented by Dr. Heinzerling, is said to be cheaper and | vassers. 

to upper hinge and follow up to binding post, A. The | more expeditious than the traditional methods of tavning, MUNN & CO., Publishers, 

second microphone you test you will commence the other | and to produce leather stronger, more durable, and pliant, 37 Park Row, New York, N. Y. 
end to, and touch on A the first thing, and then move back- | and especially less pervious to moisture. About three hun- | F 
ward. If the noise in the telephone comes all right when | dred emonnel bite are being exhibited, some of them | 


touching at A, and no fault has been repaired, it shows that made into belting, harness, boots, etc. 
the circuit is complete, but that there is a short cut. - TABLE OF CONTENTS. — 


The screws which hold the parts together at K may touch | . ; : - 
the spring, I. To test for it put a bit of paper between the | THE APPARENT DISTANCE OF THE MOON. . Spast cuupiesouneea oe A prt as 





+ 















. : P A = ‘KY ; ; > j tn | lers. 13 tigures. Stern of steamship Cora Maria, with De Hay Pro- 
carbon and platinum, and between the platinum and dia-| Mr. Norman Lockyer, in a series of papers published in| elie. Sectional elevation of the De Bay propeller gearing —De- 
phragm. Now touch on spring, I. If you get noises it Mature, mentions some facts going to show that artists, tails of serew biade connections.—General view of gearing.—Dia- 
shows that the upper end of spring, I, touches metal. Tear especially landscape painters, bave been neglecting to avail Te owssacaceruasaane sate ssaseanceensenensssssoncsnosssessooneges ME 
down and investigate. If ne noise there is no fault there. | themselves of the progress of knowledge. Their sins in re- +, bocomposition of Steam.—A iecture experiment. By HENRY js 
~ 3 ; a ae c steal —-. bn ai Ot CN OE ERLE IS PELE OORT ESI 3 
Next, with the papers still in place, touch on diaphragm. If | presenting the sun and moon in impossible quarters of the Improved Mechanical Stoker. 4figures.  Sections.........-..."""" 3976 
no noise the test is complete. If you get noise it shows that heavens and in impossible phases are well known; but Mr. The Fire Engineer, the Architect, and the Underwriter. By ED- 
diaphragm rubbers are eut. Examine both clamping springs | Lockyer goes on to notice some less familiar eccentricities. |  Jetrs. itostuu. Architects of sham. How Duildinus are raadeto 
which hold diaphragm. The rubber must insulate the | The size of the sun or moon as it should appear in the pic- burn.—Rats and spostancous combustion.—''ersistence in false 
springs from the diaphragm. Examine rubber around edge ture is a measurable quantity—about half a degree of the — Guetion of fire risks-—Methods of reducing fire tisks--How to 
of diaphragm. It must insulate or be fixed by court plaster | heavens. Hence the size of the solar disk in a drawing or make 0 nensty Seessect Dating wih ordisecy materiale—Uwes 
* : eos : * . ste »—§ € s © seceevesce+cocees Q 
or some such insulating patch. . | painting may give a measure for other distant objects. On the. Ventilation of Public Buildings. By JAMES Hoge. 3 , 
The above tests will hunt out all the bad spots which are | Tested in this way the landscapes at a certain recent exhibi- ageree. matien serengements of the Madison Square Tho 
liable to exist. | tion of paintings are said to have given the following results a sags ' 
The tests explained, and such repairs as can be made on | as to the height of hills: Some mountains attained the amaz- 4 TECHNOLOGY AND CHEMISTRY.—Commereial Synthesis of 
the spot, will not consume over twenty minutes time. ing altitude of 105 miles; about an average height was 44 Ammonis in Vegetables... pSINTEst an Gsiudthncsas. ax St" tis ss. 3982 
Sine : — ag » leas « jlee i ai servations on Piccard’s Process and A tus for the Eco- 
- Se auticen miles, and hills so small as to be less that 13 miles in height nomy of Heat in Evaporation. 2 figures. Piecard’s Improved Eva- 
; ; were rare. In order that artists may avoid these errors, we porating Apparatus... ...... + Gaal ii 
Slack screw, 0, till bead stands away from the diaphragm. translate a note by Mr. J. Plateau, member of the Royal Dy my ge ee 
Then screw up gently till bead just touches. Connect up Academy of Belgium, giving a method for finding the ap- D, Fomnees. a 
all wires properly, bend the hinge springs outward some- parent distance of the disk of the moon. letnaenl Leotican = 
what, and shut the door and open it with an ordinary mo Mr. Plateau says: ‘‘ When in a beautiful night we look CUBIC ATUM »..00.220000rerrreeeerssssserseessssecercesersecseasessesenes 


tion. The bead should not rattle on the diaphragm as you with the naked eye toward the moon at its zenith, it seems II. ELECTRICITY, LIGHT, HEAT, ETC.—Physics Without Appa- 















y 8 > » ii > . 5 scibhle j ine 5 » 5 9 ile ratus. 4figures. Photometer made with a candle and sheet of 
work the door. You should hear but one little knock. impossible to us to imagine that more than 240,000 miles paper. —Carafe used as a converging. lens.—Simple microscope 
Lock the door and listen at telephone. Tap on box. If separate us from this planet. We think that it is only a ‘ormed of a Florence flask —A cheap Compass............ .....: “ps 
you get a rattling make and break, tighten screw, O. Yell small distance from us; but what is this distance? At first m4, ee SEG SS SHUN Se: Se 
** Jerusalem ” into it at twelve inches, If it rattles it’s too | it appears very difficult for us to estimate it, nevertheless this Experiments with Glass Tubes... 5... 5... Rcoghiasam «+ 3985 
loose. Blow into it at three inches. If it rattles it’s too | valuation is possible, at least an approach to it, as follows: ah nn ee YS yy nee al 
loose. If you don’t get the roar in your ear at six inches it’s | The absolute size which we attribute to an accidental image Bzampics.—Ropaire. — Adjustment SpE ep sth ath eehes re 
too tight.— Telephonie Exchange Reporter. is, as it is well known, proportionate to the distance of our PRE ap ae een eyes eeantntenens denne; vestntes : 

— . —— eyes from the surface upon which we project the image. !V..NATUR ee See a, 

PHOTO-ENLARGEMENTS ON CANVAS This result is due to the fact that the image is produced by CARL Voor, Professor of Paleontology, Geneva. Deficiency of the 
aN das er WN is N CANVAS. lificati f -ertai j f ti in such record.—The law of correiation.— The theory of descent. —Absence 
a modification of a certain portion of our retina in such a ef @ - 
: . > . ; pe xperimental proof.—Evidences of evolution.—The value of 
Reearpine few points of photographie practice do we manner that it always subtends a certain angle of vision. ontology —Straggle for existence. —Migrations.—Evolution of | 
hear of such bitter complaints as those made in consequence The proportionality in question has already been verified by »4zges,_Tmportance of Paleontology. «..--.-.0.- --0-00+ sees sees TOR 
of the peeling off of oil pictures painted over a photographic Le Pére Scherffer by direct experiments. (Institutionum opti- The Spanish Mackerel and Its Artificial Propagation. History — 
basis. The reasons of this are not difficult to find, as any- | carum partes quatuor. Vienna, 175, pars 1, caput II, art. —. Pe a FX ee 
thing of the nature of a film between the prepared canvas | 3, § xcix.) If, for example, after we have contemplated Apparatas.—Confirmation and practical results... .....+++. | 
and the picture is almost certain to lead, sooner or later, to a little red disk placed upon a white paper, we turn our ay tbe SY oe 2 
a woeful catastrophe like that which has happened to the | eyes upon another part of this paper, in order to observe Natural Science, Philadelphia. Life forms at Atlantic City ........ 3988 
‘‘counterfeit presentiment” of Manchester's civie head; | there the green accidental image, then this image will ap- v. MEDICINE AND HYGIENE.—Hemlock in the Treatment of Can- 
and, moreover, the large amount of money often expended | parently have the same size as the little disk; but if we Micnotee spcostaanscabegere® 4 
on such undermined paintings makes the complaints both gradually bring the white paper nearer to the eyes, we will Kpidemic Among the “t' Gothard Mine bead 4 
2 > a >Vi > oti ’ ; > " u ou j j i i i i 2 - nD a! > 
loud and deep when the evil day of destruction arrives. see that the green image diminishes in diameter as fast as Knoat the Tranemattibilite of Tubssealesie ty MUE. 9969 
Passing over all film methods as unworthy of notice, the and in proportion to the approach; if, on the contrary, we as . 
dusting-on process claims our consideration, as some people direct our gaze toward a somewhat distant white wall, the 
place much confidence in it, and regard the painting which accidental image will seem considerably increased in size. 
has been made over a dusted-on picture as equal in stability |To be more exact, the absolute size which we attribute to a 


to one executed directly on the artist’s prepared canvas. [t this image is proportionate to the distance at which we sup- 

is difficult to imagine that this can be the case; as the small | pose the surface of the projection to be. Knowing this fact, I tion with the Selentific American, Messrs. Munx & Co. 
amount of mucilaginous, gummy, or saccharine matter let us now choose, at full moon, a sufficiently open place tottees or ican and Foreign Patents Pag 35 years” experi- 
which serves to bold the powder color would be exceedingly where a wall can be seen which is lighted by the rays of the ys a es ra eo t establishment in the world. Patents are 
likely to completely prevent any true union between the oil moon or by their reflection. Let us then, when the sky is Fern ean oe na 5 

paint which forms the general grounding of the canvas and clear, fix our eyes upon one of the spots of this planet which  eeeee ee an ee the Selentifie American of all Inven- 
the painting itself. The ease with which a thin film of for- | is near its center, and let us then turn our gaze rapidly away a arity - h this A with the name and residence of the 
eign matter often prevents perfect adhesion between ma- | and fix it upon the wall in order there to project the dark Segue’ pan thus given, public attention is di- 
terials of a similar nature is sufficiently well known to all accidental image of the lunar disk. When thisimage seems Retenten. By Goimmense cee ee pons: po enya introduction often 
those who have to do with moulding operations of any kind, | smaller to us than the planet, we have to remove to a far- satah te he anette of ie nee geeens, om 
and it appears to us that to risk valuable artistic work on a ther distance from the wall; if it seems larger we have to 
canvas bearing a dusted photograph would not be altogether approach the wall until the diameters of image and planet 
a discreet proceeding. There is one class of photographic seem to be the same. This equality evidently shows that 
print, however, which appears altogether without objection when this point has been reached we imagine that planet and 
as an intermediary between the prepared canvas and the image are of the same distance, and the only thing that re- 
work of the artist, this being a picture executed in fatty ink mains to be done is to measure the distance from us to the 
alone. Printer’s ink is so nearly of the nature of paint, that wall in order to find the distance at which we imagine the 
it may be assumed to fairly and thoroughly unite with the | moon to be. MUNN & CO., 37 Park Row, New York. 
grounding paint used asa preliminany preparation for the' ‘‘ One of my sons, whose power of observation I wanted to Branch Office, cor, F and 7th Sts., Washington, D, C. 


easily effected. 

Any person who has made a new discovery or invention can ascertain, 
free of charge, whether a patent can probably be obtained, by writing to 
Munn & Co. 

We also send free our Hand Book about the Patent Laws, Patents, 
Caveats, Trade Marks, their costs, and how procured, with hints for 
procuring advances on inventions. Address 
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